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PEEFACE. 



fTHE self-explanatory title of this book enables me to dispense 
with a lengthy introduction, nor, if I were to write one, could 
I add anything to what I have endeavored to say in its pages. 

It embodies many facts, figures and suggestions resulting from 
long observation and an extremely varied practical experience ; 
and while these are designed for the exclusive use of specialists, 
I trust that, taken altogether, it will prove highly profitable read- 
ing to all those numerous classes directly or indirectly interested 
in the production, manufacture, sale and consumption of com- 
mercial fertilizers. 

I have endeavored to couch it in common, every-day language, 
and have avoided as far as possible all unnecessary chemical for- 
mulae and technical terms. In a word, my aim and ambition 
have been to make it intelligible and useful to the ordinary 
careful reader, and if I have partially succeeded in this, I shall 
be more than repaid for the labor it has cost me. 

The Author. 

Laboratory of Industrial Chemistry, 
12 Park Place, New York. 
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CHAPTER T. 

INTRODUCTORY— GENERALITIES. 

The theory of scientific agriculture is based upon a complete 
knowledge of the nature of soils, plants, animals and manures, and 
it is evident that until these elements are thoroughly understood 
no attempts at improvement or plans for increased production can 
possibly be successful. Is it not curiously illustrative of the gen- 
eral ignorance that very few people know anything of the earth 
they tread or the soil they cultivate, in what way it was formed, or 
of what it is composed ? How, then, can they imagine the mighty 
inundations and the terrible upheavals? How conceive anything 
of that gigantic disemboweling of the earth-monster, and of the 
awful torrents of burning lavas which it has vomited forth ? Can 
they realize that our tallest mountains, even those which from their 
height are covered with perpetual snow, were once submerged in 
rolling seas? or that the rocks and cliffs we meet with in our plains 
are nothing more than agglomerated masses of organisms that 
swarmed the waters? This is a seductive topic ; one that might 
readily carry us far beyond the scope of this small work ; and one 
that, feeling as we do how utterly impotent we should prove in any 
attempt to do it justice, we would rather not touch upon at all. 

Remembering, however, that we are not writing solely for the 
scientific or technical, and that we design to interest the general 
reader, we are bold enough to attempt a brief summary of acquired 
facts in order to make subsequent arguments more forcible and 
clear. 

We believe it to be generally admitted by our geological teachers 
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that vrhea our globe was launched into space it was a liquid some- 
what similar to molten glasw, and therefore presented a vastly dif- 
ferent appearance to that with which we are acquainted. When this 
mass began to cool, it probably resembled an immense glass ball, 
the solidified sides of which were uplifted by tho bubbling of the 
intensely hot liquid mass within. These solid projections formed, 
our mountains, and, passing h-ora the trausparent to the opaque, 
they gradually assumed the crystalline form. What is known as 
the earth's crust must have resulted from an extraordinarily for- 
oible action consequent upon the fall of temperature. Certain 
Tapors were condensed into acid bodies, and these acids, attacking 
the alkaline crust, combined with its most powerful bases to form 
various salts. Some of these salts — such as sulphate of lime or 
gypsum — were deposited, while others, principally the chlorides, 
remained in solution and formed the seas. The neutralization of 
the stronger and more corrosive acids permitted the weaker car- 
bonic acid to develop its activity, and it is this acid which has con- 
tinned to play the most important part in nature in our own times. 
Held in solution by the running waters, it attacked and dissolved 
the various bases which existed in such large quantities in the moun- 
tains, and deposited them in the form of carbonates in the valleys. 
The process of saturation, or neutralization, being entirely accom- 
plished, chemical equilibrium may be said to have become estab- 
lished ; the period of great geological catastrophes, therefore, came 
to an end, and the temperature of the earth gradually sank below 
the boiling-point. A few volcanic disturbances continued, it is 
true, to occasionally convulse it ; there was the upheaval, splitting 
asunder and complete overthrow of mountains, the drying up and 
the division of seas, and the formation of lakes of both fresh and 
salt water, but they became more and more rare as the temperature 
continued to cool. 

The rocks with which we are all acquainted and which have 
grown out of these continuous and still -continuing changes may be 
roughly divided into three groups : 

First, Sandstones. 
Second, Limestones. 
Third, Gbanite or Gneiss. 

And it is their decomposition, under the combined inflnence 
of the atmosphere and water, during a long period, that has iilti- 
mateiy produced fertile soils containing silicates of aluminum, 
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potassium, sodium, magnesium, iron ; phosphates, sulphates and 
chlorides. 

The soil at first resulting from this gradual decomposition 
formed very thin layers, in which only the lower orders of plants 
found sufficient food to fructify, deriving from the air and the rain 
their carbon, hydrogen, oxygen and nitrogen. In the natural 
process of death and decay, these fresh elements of fertility, in vari- 
ous states of combination, were transferred by the plants to the soil, 
which was thus enabled to afford nourishment to a higher vegetation. 

It is the general custom to class arable lands according to the 
nature of their predominating constituents, and thus we allude to 
soils as sandy, clayey and limey. 

Sandy soils are distinguished by their extreme porosity, and are 
frequently in such a fine state of division that in the dry season 
the least wind will displace and scatter them in all directions. In 
such cases they are naturally sterile ; but when they are sufficiently 
moist, they facilitate and encourage the growth of an immense 
variety of plants of the lower order, which, by their eventual 
decomposition or putrefaction, form considerable deposits of that 
valuable substance called humus. 

Such soils are more propitious than any others for the develop- 
ment of plants with very delicate or fine roots, such as barley, rye, 
oats, lucern, lupins, lentils and potatoes ; but they require constant 
attention, and a large and regular quantity of manure, because 
their porosity permits them to absorb such an abundance of oxygen 
that all their organic matter is rapidly burnt up. 

Clayey soils are heavy and compact, and when they contain 
more than fifty per cent, of pure clay are onerous to work, and 
unprofitable to cultivate. It has, however, fortunately been dis- 
covered that the addition to them of so small a quantity as two per 
cent, of burnt lime suffices to so entirely change their nature and 
consistency, by transforming the silicate of alumina into a porous 
silicate and aluminate of lime, that it is now an easy matter in 
districts where lime is cheap and plentiful to overcome this diffi- 
culty. In hot countries or in windy regions or in districts where 
the subsoil is of a very permeable character, good clay lands offer 
great advantages, and although they periodically require the appli- 
cation of large quantities of reconstituents, they possess the faculty 
of retaining all the precious elements supplied to them, and of 
storing them up for the use of successive crops. When they contain 
a proportion of about ten per cent, of carbonate of lime, or chalk. 
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they are the best of all soils for the extensive growth of such 
important plauta ae wheat, corn, clover, hemp, peas ami beans, and 
of such trees as the cheattiut and the oak. 

Limey, or purely calcareouH, are even lighter than eandy soiIb, 
and when, as is sometimes the case, they are very white and dry 
they are absolutely barren. 

Such as these are, however, rarely encotiatered, for we generally 
find them mixed with a sufficiency of clay to give them some 
degree of consistency and render them available for ordinary pur- 
poHes. Few soils are entirely devoid of lime, owing to the fact 
that all rocks contain it in greater or leaser proportion, and because 
it is transported in immense quantities by waters, in the form of bi- 
carbonate, and deposited. If it were otherwise, or if, in the absence 
of lime, other alkaline substances were not forthcoming, the acid 
principles secreted by all plants could not be saturated, and the 
inevitable result would be decomposition and death. In its pui 
form, however, lime is such an exti-emely strong base that it is ii 
compatible with life, and hence it never exists in the soil unless it 
be combined either with carbonic or silicic or sometimeB with sul- 
phuric and nitric acids. 

It will be thus seen that the study of geol<^y, even if only 
elementary, enables the agriculturist to more accurately gauge the 
natural resources of his land, and will teach him how to adapt his 
ideas upon drainage, irrigation and ploughing to the surrounding 
circumstances of soil and climate. 

It will also prepare his mind for the teachings of chemistry ; 
that science which has done more than any other to improve the 
general condition of mankind, and which will enable him to ob- 
tain the maximum returns from the soil and from plants. 

If production is to be cheap it must be rapid and plenteous, yet, 
as we all know, the progress of unaided nature is slow and method- 
ical, and so chemistry, by investigating the laws which govern the 
development of all living things and by carefully obeei-ving the 
facts acquired by the practical experience of centuries, has found 
the means by which the farmer may assist and hasten the natural 
processes. The work is, of course, still far from complete, but we 
are at least familiar with the elements essential to plant-growth. 
We know how these elements are distributed, what portion of them 
is or should be contained in our soils, and what soils are raoKt ]>ro- 
pitious for different kinds of plants. 

Sixty years ago the science of agriculture was in its infancy. 
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Our grandfathers could not understand why lands once so fertile 
and productive should show signs of approaching exhaustion. The 
light only came to us after we had studied how out-door plants 
live, whence they obtain their food, of what elements that food is 
composed and how it is conveyed and absorbed into their organ- 
isms. In point of fact, we have discovered that the manner of life in 
plants is very similar to the manner of life in animals and man. 
They require certain foods in stated proportions which pass through 
the process of digestion, they must breathe a certain atmosphere, 
and they are subject to the influences of heat and cold, light and 
darkness. 

The tissues of their bodies, like ours, are composed of carbon, 
hydrogen, oxygen, nitrogen and certain mineral acids and bases, 
such as phosphoric and sulphuric acids^ lime potash, magnesia and 
iron. Since, therefore, it is admittedly necessary for man to con- 
stantly absorb a sufficiency of these elements in the form of food, 
it follows that similar food is required by plants for similar pur- 
poses. 

Having determined the elementary composition of plants, inves- 
tigators directed their attention to the analysis of soils, in order to 
establish comparisons between virgin or uncultivated lands and 
old varieties which had long been tributaries to every kind of 
culture. 

It was found that in the former there is an abundance of most 
of the dominating mineral ingredients discovered in plant organ- 
isms, whereas in the latter they either exist only in minute propor- 
tions or are lacking altogether. 

This marked a most important stage in our progress. Argument 
is no longer necessary to prove that if agriculture is to continue to 
be the basis of national wealth and prosperity, means must be found 
of restoring to our soils the chief elements yearly taken away from 
them by the crops. These chief elements have been shown to be 
nitrogen, phosphoric acid, and potash, and that they play the most 
important parts in the functions of vegetation, and are the most 
liable to exhaustion, is proved by the following figures, borrowed 
from an address delivered by Prof. H. W. Wiley at the Buf- 
falo meeting of the American Association for the Advancement of 
Science. 

According to this careful and painstaking chemist, the estimated 
mean annual values of some of the agricultural products of the 
United States closely approach the following figures : 
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.. 450,000,000 bushels, valuta at,. 
. .1,9«0,(K)0,000 ■' " 

, . 600,000,000 
.. 60,000,000 
.. 25,000,000 " 
. 13,000,000 



Wheat 

Oats 

Rye....V.V,".". 
Buckwheat. . 

Potatoes 800,000,000 

Butter, milk and cheese " 

FruitB 

Rice 98,000,000 lbs. at 6 cts. '■ 

Tegetablea •' 

Tobacco 483,000,000 lbs. at ct». ■' 

Cotton 6,500,000 balea (480 lbs.) " 

Wool 800,000,0001b8. at [Sets. " 

Hay 45,000,000 tons at $8 

Miscellaneous, including flax, flax-need, liemp, g 
seed, garden eeeds, wines, nursery products, 
valued at ... > 



. $440,000,000 
037,000,000 
1«8,000,000 
3a,000,000 
14,000,000 
7,380,000 
100,000,000 
380,000,000 
100,000,000 
4,900,000 
.W, 000, 000 
43,000,000 
250,000,000 
45,000,000 
360,000,000 



The mean percentage of ash or mineral matter c 
most important of these products is as follows : 



Wheat 2.06 

Maize ] . 53 

Oats 3.18 

Barley 3.88 

Rye 3.00 

Buchwheat 1.37 

Rice 0.39 

Potatoes 3.77 



Hay 7.34 

Cotton stalks S.IO 

Straw of wheat B,87 






... 4.70 

barley 4.80 

" oats 4.70 

'■ buckwheat 8.15 

Stalks of maize 4.87 



Tlje approximate quantities of mineral matters taken from the- 
soil by a single crop of the cereals woukl thus be : 

OBAIN. 

Wl.inlbM. f Aih. WI.Aikinlba. 

Wheat 37,000,000,000 2.08 550,300,000 

Maize 106,400,000,000 1.55 1,649,300,000 

Oata 19,200,000,000 8.18 6IO,.'ifiO,000 

Barley 2,880,000,000 3.80 83,333,000 

Rye 1,400,000,000 3.09 39,360,000 

Buckwheat 650,000,000 1 . 37 8,905,000 

Total 3,037,557,000 

STRAW. 

Wt.inlbi. % Ash. Wl. Aili in I'll. 

Wheat 45,378,000,000 5. 37 3,436,798,000 

Maizt? 219,800,000,000 4.87 10,368,360,000 

Oats 33,000,000,000 4.70 1,504,000,000' 
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Wt, in lbs. % A»h. Wi, Atk in Iba. 

Barley 4,800,000,000 4.80 230,400,000 

Rye 2,333,000,000 4.79 111,750,700 

Buckwheat 1,083,000,000 6. 15 66,604,500 

Total 14,712,913,800 

The total weight of ash in the whole cereal production of the 
country is therefore — 

Ingrain 2,937,357,000 pounds 

In straw 14,712,913,800 



Total 17,650,270,800 



(( 



(( 



Since it is our intention to limit the scope of this work to phos- 
phates, we may neglect all other constituents of the above amounts 
of ash, and confine our attention to the 

QUANTITY OF PHOSPHORIC ACID YEARLY REMOVED FROM THE 

SOIL IN THE UNITED STATES. 

GRAIN. 

% Phoa- Wl. Phoaphcric 

Wt. Ash in lbs. phoric Acid. Acid in Iba. 

Wheat 556,200,000 46 . 98 261,302,760 

Maize 1,649,200,000 45 . 00 742,140,000 

Oats 610,560,000 23.02 140,550,912 

Barley 83.232,000 32.82 27,316,742 

Rye 29,260,000 46.93 13,731,718 

Buckwheat 8,905,000 48. 67 4,334,063 

Total 1,189,376,195 

STRAW. 

% Phoa- Wt. Phoaphoric 

Wt, Aah in Iba. phoric Acid, Acid in Iba. 

Wheat 2,436,798,600 4.81 117,210,012 

Maize 10,363,360,000 12.66 1,312.001,376 

Oats 1,504,000,000 4.69 70,537,600 

Barley 230,400,000 4.48 10,321,920 

Rye 111,750,700 6.46 7,219,095 

Buckwheat 66,604,500 11.89 7,919,275 

Total 1,525,209,278 

Total weight of the phosphoric acid in grain 1,189,376,195 

Grand total, pounds 2,714,585,473 

The acreage under cultivation for the production of the above 
cereals is estimated officially as follows : 
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Wheat 40,000,000 acres 

Maize 75,000,000 

Oats 23,000,000 

Barley 2,500,000 

Rye 1,800,000 

Buckwheat 900,000 

Total 148,200,000 

The quantity of phosphoric acid per acre is therefore, for the 
whole cereal crop : • 

2,714,585,473 -t- 143,200,000 = 19.0 pounds. 

For the hay crop a similar estimate may be made of the quan- 
tities of plant food removed. 

The mean percentage of ash in the grasses of the United States 
is 7.97 ; for timothy it is 5.88 ; for clover it is 6.83. The mean 
content of ash may consequently be taken at 6.89 per cent. The 
total weight of hay produced, multiplied by this number, gives 
6,201,000,000 pounds as the total weight of ash in the hay crop of 
the United States. 

For the ash of timothy the percentage of phosphoric acid is 
8.42 ; for red clover, 6.74. The mean percentage of phosphoric 
acid in the ash of timothy and clover is, therefore, 7.56. 

The total weight of phosphoric acid in the hay crop there- 
fore is 

6,201,000,000 X ^1^ = 468,795,600 pounds. 

The number of acres harvested in the United States is about 
37,500,000, and the quantity of phosphoric acid removed per acre 
is consequently 

468,795,600 ■+- 37,500,000 = 12.5 pounds. 
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CHAPTER 11. 

PHOSPHATES AND THEIR ASSDaLABHilTY. 

In the spring-time phosphates are found in noteworthy quanti- 
ties in young organs of plants, especially in the leaves, but the 
quantity gradually diminishes as the plant approaches maturity, 
until when the blossoms appear the phosphates are found to have 
entirely quitted the leaves and accumulated in the seeds. This is 
the cause of that peculiar effect, which has long puzzled farmers, 
that fodder cut and brought in after the period of inaturity ^toyq^ 
to be much less nourishing to the cattle than that cut before this 
period has arrived. 

It is worthy of note that in every instance this displacement of 
the phosphates is accompanied by an equal displacement of the 
nitrogen, and all those who have made successive analyses of grains 
in different stages of maturity, must have been struck by the regu- 
lar parallel manner in which the quantities of both have progres- 
sively augmented. 

Mr. Corenwinder, alluding to this migration of phosphorus in 
vegetables, remarks : 

"It has long been known that young buds are rich in nitrog- 
enous matters, which are always accompanied by a relatively 
considerable portion of phosphorus, and there is no doubt that 
these two elements are united in the vegetable kingdom according 
to some mode of combination w^hich is yet a mystery." 

And Mr. Boussingault, writing upon the same subject, says : 

" We perceive a certain constant relation between the propor- 
tions of nitrogen and phosphoric acid contained in foods, those 
being richest in the latter element which contain most nitrogen. 
This would appear to indicate that in the vegetable organization 
phosphates particularly cling to the nitrogenous principles, and that 
they follow the latter into the organization of animals." 

The absolute necessity for the presence of phosphoric acid in 
the soil Tweeds no further discussion. It is admitted on all hands 
that in its absence, vegetation, even when abundantly supplied 
with niti*ogen and all other necessary elements, must come to a 
FtandstUl. 
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The form in which it is aseimilated m that of phosphate, pro-i 
dnced by the combination of the acid with various basee. 
mous deposits of phosphate, chiefly of phosphate of lime, have I 
been and donbtlees will continue to be discovered in every quar- 
ter of the globe ; and as, besides being so essential to plant life, 
it is the principal constituent of bones, we have here anotbei 
praof that if by some extraordinary phenomenon Its source werej 
suddenly cut off or exhausted, all vegetable and animal life woul(% 

So far back as the year 1698 a celebrated French engine< 
(Vauban), writing in the I>ime Royal, said : 

"We have for a long time past been universally complaining oH 
the falling off in the quantity and quality of our crops ; our farm 
are no longer giving us the returns we were accustomed to ; 
few persons are taking the pains to examine into the causei 
this diminution, which will become more and more formidable! 
unless proper remedies are discovered and applied." 

This was a warning note, but it was not until after the com 
mencement of the present century that the English farmers begt 
use crushed bones as a manure, and even then they did so in blind! 
ignorance of the principles to which they owed their virtues, a 
clearly shown by an article published by one of the scientific paperfl 
of that day (1830), in which the writer says : 

" We need take into no account the earthy matters or phosphate 
of lime contained in the bones, because as it is indestructible an^ 
insoluble it cannot serve as !i manure, even though it is placed in K 
damp soil with a combination of circumstances analytically strongi 
than any of the processes known to organic cheroiatry," 

A subsequent writer upon the same subject declares thaj 
" bones, after having undergone a certain process of natural fer- 
mentation, contain no more than two per cent, of gelatine, and i 
they derive their fertilizing power from this substance only, th^ 
may be considered as having no value as manure." 

That such opinions as these should have prevailed only fiftl^ 
years ago seems to us all the more preposterous because of thi 
gigantic strides which we have made since then and because of tlw 
singular fact that even the Chinese were better informed than om 
grandfathers, inasmuch as they knew that the fertilizer was J 
mineral principle, and for many centuries have used burnt bones a 
manures. 

Despite the unflagging researches of the best men of the tim^ 
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it was not until the year 1843 that the Duke of Richmond, after 
an exhaustive series of experiments upon the soil with both fresh 
and degelatinized bones, came to the conclusion that they owed 
their value not to gelatine or fatty matters, hut to their large per- 
centage of phosphoric acid! The spark thus emitted soon spread 
into a flame, and conclusive experiments shortly after published 
by the illustrious Boussingault set all uncertainty at rest forever 

Numerous species of vegetables were planted in burnt sand, 
which was ascertained by analyses to contain no trace of phos- 
phoric acid. It was, however, made rich in every other element 
of fertility. No development of these plants took j^^ace until 
phosphate of lime had been added to the sand, but after this addi- 
tion their growth becam^e flourishing ! 

Meanwhile large workable deposits of mineral phosphates were 
already known to exist, they having been almost simultaneously 
discovered in their respective countries by Buckland in England 
Berthier in France, and Holmes in America; and in the course of 
a lecture delivered to the British Association in 1845, Professor 
Henslow, describing the Suffolk coprolites, suggested the immense 
value of their application to agriculture. From this time may be 
dated the development of phosphate-mining as an industry, the 
pursuit of which has proved so remunerative to capital and labor. 

The mode of occurrence of the best known deposits of phosphate 
of lime may well be termed eccentric. They have been found in 
rocks of all ages and of nearly every texture. Sometimes they are 
very pure, sometimes their combinations are extremely variable. 
Here they are found in veins, there in pockets, and here again in 
stratified layers or beds in connection with fossilized debris of all 
kinds deposited by the ancient seas. Apart from the deposits of 
the American continent, England, France, Germany, Belgium, 
Spain, Portugal, Norway, Russia and the West Indies, all have 
workable and more or less productive phosphate mines, some idea 
of which may be gathered from the following analyses: 
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Very large deposits of phosphates of alnmina and iron have 
been discovered in the islands of Bedonda and Alta Vela, and 
were at first mistaken and shipped in large quantities for phosphate 
of lime. Upon complete analysis in London, however, their true 
nature was discovered, and being quite unsuitable for the manu- 
facture of superphosphate, they were denounced by leading agri- 
cultural chemists as valueless for fertilizer purposes. The cargoes 
"were consequently refused by the consignees and thrown upon the 
market at very low prices ; and so great was the prejudice against 
them that a long time elapsed before they met with any purchas- 
ers. The detailed composition of these j^hosphates is shown in 
the following analysis, made by us from a fair and well -selected 
sample : 

Moisture 12.36 

Water of combination ., 4.13 

* Phosphoric acid 30.22 

Lime 4.16 

Magnesia traces 

Oxide of iron 7.04 

Alumina 24.00 

Carbonic acid None 

Sulphuric add " 

Fluorine traces 

Insoluble sandy matter 18.09 

100.00 
* Equal to 05.87 per cent, of tribasic phosphate of lime. 

It appears to have been forgotten, overlooked, or ignored, by the 
opponents of these phosphates that the phosphoric acid in the soil 
invariably exists in the form of phosphates of iron and alumina. 
The so-called experts had probably not then learned what they are 
now compelled to admit, that although some difficulty may attend 
their decomposition in the factory or their transformation into 
chemical fertilizers, these phosphates are extremely valuable in the 
raw state — if very finely ground — as a direct manure. 

Nor is this a matter of any personal opinion or prejudice, for as 
we and others have- frequently shown, the iron and alumina in the 
soils exercise an immediate transforming action upon the phosphate 
of lime introduced into them in both natural and artificial forms. 

Any one can demonstrate this transformation by adding either 
peroxide of iron or alumina, or both, to a solution of lime phos- 
phates in water charged with carbonic-acid gas (ordinary car- 
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bonated water at high pressure), when in a very short time all 
phosphoric acid will have disappeared from the solution and will 
be found in the deposit as phosphate of iron and alumina. 

If the chemists alluded to had confined their statements to the 
fact that phosphates of iron and alumina were not advantageous 
materials for the manure manufacturer, they would have been per- 
fectly correct ; but they took on themselves a vast responsibility 
when they declared them to be useless as fertilizers, for of all 
questions, that as to the form in which phosphoric acid offers the 
best all-round advantage to the practical farmer is the most subtle 
and most delicate. 

If we accept the generally -admitted and rational theory that no 
element can penetrate into the interior of a plant unless it be in so- 
lution, it naturally follows that preference will be invariably given 
to those commercial phosphates which are most readily subject to 
dissociation ; and this will entirely depend upon two conditions : 

(a) Their own degree of aggregation. 

{h) The nature and composition of the soil in which they are 
employed. 

The first thing to be obtained is undoubtedly a fineness of 
pulverization which will so divide the molecules as to render them 
easily decomposable by the natural action of the elements con- 
tained in the ground. Here we touch at once the real source of 
our difficulty, for in the matter of pulverization only partial suc- 
cess has so far been achieved by any sufficiently cheap mechanical 
means, and we are not very much further forward now than we 
Were in 1857, when Liebig recognized the difficulty and proposed, 
in order to solve it, to chemically perform the disintegration by 
manufacturing superphosphates. 

From the standpoint of disintegration this method of Liebig's 
has been entirely satisfactory, and has enabled agriculture to rap- 
idly obtain results from the use of phosphoric acid which would 
otherwise have been impossible. From a chemical point of view, 
however, the whole theory fails. We have seen that superphos- 
phates are only soluble in water so long as the sulphuric acid with 
which they have been manufactured retains its ascendency, and 
that when they reach the soil, especially where carbonates are in 
abundance, the sulphuric acid is at once overpowered, and the phos- 
phoric acid, instead of remaining combined with one molecule of 
lime and two molecules of water, at once undergoes reversion. To 
put it plainly, the issue revolves upon a matter of time and of 
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money. The fanner bnys a ton of raw phosphates, ground as finely 
as possible and containing, let us say, twenty-five per cent, of phos- 
phoric acid, for $10. If his land be tolerably acid he will get a 
rapid return, but if it be not, the phosphate will not decompose, and 
he will have to wait perhaps several years before obtaining any ap- 
preciable results for his outlay. On the other hand, he buys a 
ton of superphosphates, containing only fourteen per cent, of phos- 
phoric acid, for $20, and applying it to a phosphate-barren soil, 
produces the desired results on his very next crop. Hence it is 
apparent that the phosphoric acid of the latter is more readily as- 
similable than that of the former case ; and this assimilability can 
only be due to its absolute state of division, which enables the 
phosphate to come into contact with the acid sap of a greater num- 
ber of root hairs and thus to be dissolved and absorbed by the 
plant. We therefore repeat, that to define with scientific accuracy 
the exact merit or intrinsic value of any specific phosphate is a 
matter of very serious difficulty ; since besides that of its own phys- 
ical condition, so much depends upon the nature and composition 
of the soil in which it is to be employed. 

Dr. Charles Graham, of University College, London, was one of 
the first to realize the facts we have noted, and writing upon the sub- 
ject some ten years ago, said that " the vitriolating process, whereby 
soluble phosphate is formed, was of value where nothing but bones 
was employed, since it gave agriculture a convenient means of 
distributing over the land an easily soluble substance in the place 
of the pieces of bone previously used. With coprolites the same 
thing was supposed to hold, and as years rolled on acid was more 
and more used in the preparation of phosphatic materials, until at 
last these have become rather vitriol-carriers to the profit of the 
manure manufacturer than to the benefit of agriculture. Analyti- 
cal chemists attached so high a value to the soluble phosphates 
that the factor 30 became with many the multiplier in calculating 
the commercial value from the centesimal composition of the 
superphosphates. Some, indeed, went beyond this ; and in time 
analytical chemists came to think of soluble phosphates as the only 
test of vitriolated phosphate minerals — the insoluble being regarded 
as of little or no use." 

The same subject received much attention at the International 
Congress of the Directors of Agricultural Experimental Stations, 
held in Paris in June, 1881, and the result was a general approval 
of the efficacy of the undissolved forms. 
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It appears to be established by the record of this congress that 
French and German agricultural chemists are now in accord in re- 
gard to the comparative value of soluble and precipitated phos- 
phates (e.6., those which had once been soluble but have returned 
to the insoluble state in fine division), French chemists having 
held for some time that they should be on an equal footing. They 
also assented to the value of raw ground phosphate of lime, and 
declared that 

" The congress is of opinion that in reports of analyses the 
directors of stations should state the solubility of phosphates by 
the expressions * phosphoric acid soluble in cold citrate of ammonia' 
or * soluble in water,' and not that of ' assimilable phosphoric acid ; ' 
the Congress believing that to apply the term assimilable to the 
phosphate soluble in the citrate would be to class implicitly and 
necessarily in the category of substances not assimilable, the phos- 
phates which are evidently soluble in the soil, such as those in 
bone ash, guano, bone powder, farm-yard manure and fossil phos- 
phates." 

There is probably not a single one of our agricultural experi- 
ment stations in which the assimi lability of raw mineral phos- 
phates finely ground has not been the object of intelligent study, 
but so far as we have been able to ascertain by diligent inquiry up 
to date, the results have varied, as we have already premised, in 
accordance with the kind of phosphate used and the nature of the 
soil into which they were introduced. Nothing of any serious mo- 
ment has in fact occurred to modify the conclusions formulated in 
1857 by the well-known Frenchman, De Molon, who, reporting on 
a very extensive series of trials of ground raw coprolite in many 
different departments of France, said that 

1. It might be used with advantage in clayey, schistous, grani- 
tic and sandy soils rich in organic matter. 

2. If these soils were deficient in organic matter or had long 
been under cultivation, it might still be used in combination with 
animal manure. 

3. It may not be used with advantage in chalky or limestone 
soils. 

Here, as it strikes us, is a fairly representative case where an 
intelligent discrimination is demanded of the farmer, and where he 
must realize that the term soluble as applied to phosphate fertilizers 
is an entirely relative one. In one portion of his lands he may use 
raw phosphates, and they will prove to be soluble and produce 
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excellent results ; in another portion, owing to different constitution 
of the soil, they will remain insoluble and the result will be niL 

In £ngland and in some parts of Germany it is still the cus- 
tom, as we shall show later on, to base the commercial value of a 
manufactured phosphatic material almost entirely upon its per- 
centage of phosphoric acid soluble in cold water, and to allow 
little or nothing for that which may exist in the " reverted " or 
water-insoluble form. As shown by our experiments and demon- 
strated by our practice in this country, however, the latter is 
entirely assimilable by plants, and should therefore have a com- 
mercial value approximately equal to that of the water-soluble 
phosphate. 

Neither English nor German chemists worthy of that name 
attempt to deny this fact, but they appear to be in advance of the 
philosophy of their lay contemporaries and have not yet acquired 
sufficient power to stamp out prejudice and imposition. 

All newly discovered truths, when first communicated to an 
unprepared society, are first denounced and then put aside and for- 
gotten by the vast majority ; but by and by, when a generation or 
two have passed away, we see those very truths, so long considered 
as without the pale of human possibilities, insensibly come to be 
looked upon as commonplaces which even the dullest intellects 
wonder how we could ever have denied. 

Men may come and men may go, but science remains behind. 
It sustains the shock of empires, outlives the struggles of rival 
theories and creeds, and, built upon a rock, must stand forever. 

How, then, can we expect the farmers to perpetually remain in 
ignorance or darkness on this question, when we know that they 
are becoming less and less able to restore to their soils, in any other 
form than that of phosphate of lime the phosphoric acid taken 
from them year by year with their crops ? 

Nothing can stem the demand for artificial manures ; it will go 
on increasing with such steadiness and rapidity that the visible 
sources of supply will soon become inadequate. Especially is this 
true of phosphates of lime, and the recognition of this fact by 
those engaged in the fertilizer industry explains the eagerness with 
which fresh deposits of the material are being sought for all the 
world over. 

The vast workable deposits of the American continent are just 
at this moment the centres of attraction, and it will therefore be 
interesting to a large section of the public to know something 
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al>out the mode of their occarrence, how they are mined, handled, 
prepared for the market, and what they cost. All this informa- 
tion we shall endeavor to convey in as brief a manner as may be 
consistent with lucidity, and we shall add to it a practical descrip- 
tion of the manufacture of sulphuric acid, superphosphates and 
**high grade supei*s," and shall give a general outline of those 
methods of analyses shown by our long and varied experience to 
be best suited to each class of product. 

At the present time thei-e is a great and regrettable divergency 
in the results of phosphate analyses made by different chemists. 
To the uninitiated this is an unaccountable fact, to be explained 
only by a very excusable and popular conclusion, that analytical 
chemistry is not a reliable or exact science, and that it cannot pro- 
duce in practice what it expresses by equation. Why, it is asked, 
should the chemist in the South — who is perfectly conscientious 
and who has no interest to deceive — differ materially in his find- 
ings from a chemist equally but no more honest and trustworthy 
working at the East or North ? This is a consistent question, and 
it demands a prompt solution. 

Nothing could cast a greater aspersion on the highest of profes- 
sions than this state of affairs, and yet nothing on earth could be 
more easily and perfectly remedied. All that is necessary is for chem- 
ists to come together and agree upon certain methods, and to invite 
purchasers and sellers of phosphates and manures to regulate their 
settlements on a prescribed basis. In this mannei: all divergency 
of results should disappear, and, all other conditions being equal, 
any further discrepancies would be attributable only to incompe- 
tency or bad faith. The hand, of course, is not always steady, nor 
is the eye always accurate, and while we are liable to physical 
defects and weaknesses, we shall never be free from mistakes ; but 
it is nevertheless a fact which has forced itself upon all thinking 
men, that uniformity in manipulation is the prime factor in the 
attainment of uniform results, and nowhere is such uniformity a 
sine qua non as in the laboratory. 
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CHAPTER III. 

THE PHOSPHATES OF NORTH AMERICA. 

The greatest of our geologists have agreed upon dividing the 
•earth's crust into four classes or periods, which they have named 
respectively the Archcean, Paleozoic, Mesozoic and Cenozoic times, 
and the phosphates which we are now to describe occur in the 
rocks of the first of these divisions, in that portion of them known 
as the Gneiss formation or Laurentian period. 

These rocks are made up almost entirely of pyroxene, calcite, 
LornLlende, mica, fluor-spar, quartz and orthoclase, and are more 
or less intermixed at various points with apatite, pyrites, graphite, 
garnet, epidate, idocrase, tourmaline, titanite, zircon, opal, calce- 
dony, albite, scapolite, wilsonite, steatite, chlorite, prehnite, chaha- 
site, galena, sphalerite, molybdenite, etc. 

The two districts in Canada in which apatite has been thus far 
found to exist in workable quantities are Ottawa County, in the 
province of Quebec, and Leeds, Lanark, Frontenac, Addington and 
Renfrew Counties, in the Province of Ontario. The latter district, 
therefore, covers a much larger area than the former, but on the 
other hand the country is much lower, the rocks more hornblendic 
and the apatite much more "pockety" and scattered. In both dis- 
tricts the Laurentian rocks form immense belts, which traverse the 
country for many miles with a N. E. and S. W. trend, and which, 
according to Dana, Hunt and other investigators, extend downward 
to a depth of at least twenty-five or thirty thousand feet. There 
is, as may be readily inferred, a great variability in their composi- 
tion. Sometimes they are entirely granitic gneiss, hornblendic 
gneiss, rust-colored gneiss and brownish quartz ; at others they 
are made up of pyroxene, feldspar, calcite, mica, apatite, and py- 
rites. While there are undoubtedly many spots in which the apa- 
tite would appear to occur in true veins of extreme purity, we 
have found that the general formation of the fissure material is 
that of a series of conglomerates. In other words, the gigan- 
tic lodes are a mixture in which the predominance alternates between 
pure apatite and pyroxenite or mica, or feldspar, or, in fact, any 
other of the minerals already enumerated. 
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The lodes tliemselves, however, are nevertheless very stiongly 1 
defined, and tbcro can be no doubt at all as to their continuity in 
depth. In the province of Quebec we have followed them over 
the townships ()f Hull, Templeton, Buckingham, Wakefield, Port- 
land, DeiTy, Denholm, Bowman and many others, farther north 
and west, and they everywhere exhibit the same characteristics. 
Sometimes they contain no apatite ; at others it ts only present 
in rare disseminated crystals. Sometimes they contain it in the 
proportion of from ten to fifteen per cent, of their entire mass 
over a very large area. Sometimes, again, it displaces the other 
rocks altogether, and develops into enormous " bonanzas," in which 
scarcely any impurities are found. 

The principal phosphate mines of Canada have been located 
on those portions of the pyroxenite belt in which, at the surf- 
ace, the apatite has shown signs of predominating, and it is 
on record that, so far aa explored, when these surface "shows" 
exist in association with feldspar, mica or pyi-ites, the apatite has 
always continued downward with variable regularity through the 
entire formation. By far the greater part of the phosphate mined 
of late years has been obtained in the Quebec district, chiefly 
from that portion of Ottawa County through which Aows the 
Lievres River. This fact is demonstrable by a reference to the 
following table, compiled with great care from official data. 
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It is affirmed by some excellent aulhoritieB Ibat pyroxene rock 
is never found distinctly Leddtd, though ocuasionally a series of 
parallel lines can be traced through it, which, while possibly the 
remains of stratification, are probably often joint planes. Some- 
tiraea, when the pyroxenite lias been weathered, apparent signs of 
bedding are brought out, which are often parallel to the bedding 
of the coimtry-rock. Thus at Bob's Lake mine, in Frontenau 
County, a rich green pyroxenite occm-s which exhibits this struc- 
ture. For 10 feet down from the surface this apparent bedding 
can be distinguished. It gradually grows fainter, until it disap- 
pears in the massive pyroxenite below. A simitar phenomenon has 
been observed at the Emerald mine, Buckingham Township, 
Ottawa County, Quebec, and at several other places. 

The pyroxene ooours in several different forms. Sometimes it 
is massive, of a light or dark green color, and opaque or translu- 
cent ; at other times it is granular and easily crumbled. Occasion- 
ally it occurs in a distinctly crystalline form, the crystals being in 
color of different shades of a dull green, generally opaque or 
translucent, but sometimeH, though rarely, almost transparent. 
The massive variety is the most common and composes the greater 
part of the pyroxenites found in the phosphate districts. 

The associated feldspar is generally a crystalline orthoclase, 
varying in color from white to pink and lilac, but occasionally it 
occurs as a whitish-brown finely crystalline I'ock. The trap is of 
the dark, almost black, variety. The apatite itself occure, as we have 
already explained, in a very capricious manner and in a very great 
variety of forma. 

The first Canadian phosphate -mining was done in the township 
of North Burgess, in Lanark County, and about the year 1863 
extensive investments were made in lands in that township, near 
the Rideau Canal, as high as $300 per acre having in some cases 
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been paid. In 1ST2 mining was begun on the LiSvres River and 
gradually increased until 1880, when English and American capi- 
talists embarked in tbe industry and prosecuted work on a large 
scale with the aid of steam macliinery. Previous tu this time 
hand labor only was employed and a good proportion of the output 
was obtained by farmers, who discovered the minei-al on their 
lands and worked at it in a desultory manner as attention to their 
farm duties permitted. 

The result of such a method was, of course, that the whole of 
a property was soon out up with small pits and trenches, rarely 
exceeding 20 feet in depth, and often interfering considerably 
with later and larger mining operations, and it was not until well- 
organized companies, directed by efficient engineei-s, with steel 
drills, hoists, pumps, etc., came into the field, that the exploita- 
tion proceeded on a sound hasis. It would be impossible and 
at the same time uninteresting to attempt a detailed descripliun 
of all the mines now in operation, and we have concluded to 
content ourselves by selecting one of the best as a typical 
example. 

For this purpose we will describe the mode of occurrence, 
method of working, possibilities of production and qualities of prod- 
uct at the N'urth Star Mine, which is situated on the east bank 
of the Litvres River, in the township of Portland, and which in 
our opinion is one of the very few enterprises of its kind which 
have been conducted on true mining principles. It is perhaps the 
only one in which proper development work has been undertaken 
with a view rather to lasting profits than immediate and temporary 
gains. The managers have made themselves acquainted with and 
have thoroughly understood the peculiar nature of the formation 
with which they have had to deal. They have consequently 
divided their work from the commencement of their operations 
into two distinct phases, exploration and exploitation. 

The first has consisted in prospecting the lode or belt, uncover- 
ing its surface over the entire property, to prove the continued 
presence of the apatite, and then in opening up pits or quarries to 
a sufficient depth to demonstrate the importance, dimensions and 
trend of the deposit. 

The second has consisted in simply following up the indications 
thus laid bare, by sinking shafts upon the vein, in conformity with 
the strike and dipof the phosphate. 

The results of this policy have been manifold. Scientifically 
they have taught us all we now know concerning the mode of oc- 
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omrence and the continuity in depth of Canadian apatites. In- 
dustrially they have seuured to the company some very conKidei-- 
abJG reserves of pboephate, which ai-e now in sight and ready for 
extraction. 

The entire property consists of 200 acres, and it ia traversed 
throughout its length by the pyroxene belt or band, which con- 
tainB, besides the apatite, a large number of the characteristic 
minerals and has an average width of some 250 feet. The pyrox- 
ene ia occasionally intermixed at the surface with bowlders of 
granite or gneiss. The trend of the belt or vein is in the usual 
northeasterly and southwesterly direction, and at intervals of 
from 60 to 75 feet it is intersected from east to west by faults, or 
chutes, which dip to the south at an angle of from 45° to 60°, and 
as these all contain an abundance of apatite they have been chosen 
as the fitting points for sinking shafts and pits. 

Taking the southern boundary as a point of departure, the belt 
of phosphate -bearing matter has been prospected and proved by 
openings practised at intervals of from 25 to 60 feet. 

Proceeding along the vein towards the north for about 500 feet, 
we reach the lirst important opening sunk upon it and known as 

2'he Office Pit, a species of quarry 150 feet in length by 40 in 
width and about 35 feet deep. Uere we find the usual masses of 
characteristic conglomerates, mica, feldspar andapalite alternating 
in predominance or heterogeneously mixed up together. lu the 
west-end corner of the quarry a small pit, some 8 feet square, has 
been sunk upon a vein of apatite and has shown the same features 
to continue in depth. Fi'om a careful measurement and comparison 
of the entire matter in place, the proportion of pure apatite in this 
portion of the lode is estimated at eight per cent, of the total ma- 
terial to be removed. In other words, for every 100 tons of rock 
removed 8 tons of apatite can be secured. 

The nest in line, atadistanoe of 100 feet, is the 

Alice Pit No. 1, an opening 25 x 15 and 10 feet deep. Here, 
in exactly the same formation as the preceding, there is a very fine 
vein of pure apatite, about 12 feet wide, running down from the 
surface with the usual dip to the Bouth. 

Following the belt for another 60 feet we come to 

Alice Pit No. 2, which has been opened up for a. depth of 10 
I feet on a fault in the vein 30 feet long by 15 feet wide. Several 
^«maU veins, or stringers, of apatite imbedded in the usual 

have merged into one, which has gradually widened 
nntil at the bottom it has attained about 5 feet. This ia an 
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excellent prospect, with all the ap[>earanue of developing into a 
bonanza when brought into further working order. 

Paiusing over several other openings and faults of similar char- 
acter for about 250 feet, we come to 

Pit JVb, 3, which is now being developed and got into shape for 
exploitation. It has been sunk in solid vein matter and upon the 
dip of the chute to a depth of about 100 feet and still retains the 
appearances of an open quarry. Down its soutliwest side there 
run three well-defined veins of apatite, each of them occasionally 
interspersed with or hidden from sight by bowlders of feldspar, 
mica, calcite and pyroxene. 

The next opening upon the belt in at a distance of only 50' feet 
and is known as 

Shaft No. 1. It is sunk on the dip of the vein at an average 
angle of about 55° and is now about flUO feet deep. Its progress 
has been watched with the greatest interest by all who are in any 
way connected with or concerned Id the apatite-mining industry, 
and it has served to prove beyond contestation that the sought-for 
material is not confined to a. mere superficial stratum, but that it 
continues to accompany the other minerals with which it is so in- 
timately associated, In exactly the same manner, in depth as at the 
surface. The same mixture of rocks, the same conglomerates, 
the same alternating preponderances — these are the history of the 
shaft. 

Small veins or strings of apatite led into en ormou^ pockets or 
bonanzas, yielding many thousand tons of pure phosphate ; these, 
in coui-se of time, gradually pinched out and were replaced by 
pyroxene, feldspar or mica, through which the veins of apatite 
were followed until they again merged into a preponderating 

At the time of our visit to the mine the shaft contained a great 
deal of water, which had drained in from the melting of the last 
winter's snow, but the managers were good enough to have the 
water pumped out in order to facilitate our inspection, and we 
were thus able to descend in it to within 50 feet of the bottom. 
After careful inspection, we became satisfied that there are very 
large reserves of apatite in the shaft, especially as the bottom 
is neared, and that it can readily be mined and brought to the 
surface. 

Under the peculiar circumstances of the geological formation ii 
was impossible to sink this shaft with any great degree of regu- 
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larity. The run of the apatite in a oaprichiue one, and was found 
to shift about from side to oide and take the place of other ruvks 
in a manner that baffled all calciilatiooB. We may, perhaps, better 
convey our meaning if we liken its occurrence to a long Htring of 
sauoages, of very irregular shape and divided by very irregular 
lengths of skin, eay, fur instanee, thus : 





These pockets were of courKe worked out as they occurred, 
with the result that the interior of the shaft now presents the aj)- 
pearance of a series of immense caverns alternating with narrow 
passages or tunnels. So far as it was possible to judge from the 
present appearance of the shaft and of the dumps by which it in 
surrounded, we estimated the amount of rock material already re- 
moved from it at about 160,000 tons and the apatite at about 
r ^welve per cent, of that total. 

At a distance of 100 feet further along the belt we reach 
The Shaft JVo. 2, a reproduction in the main of the No. 1 
K-shaft already described. It hai^ been carried down on the dip of the 
Tvein at an angle of 50° to 55° S. with a tramway which hugs the 
Foot-wall, The width and height of the shaft range from 50 
fto 120 feet wide and from 16 to 75 feet high, all in solid vein 
. matter between well-defined walls of granitic gneiss, with phos- 
, phate overhead and underfoot. The apatite in the vein has fre- 
fquently developed into large bonanza chambers or pockets, 
■there is every promise of a continuation of this phenomenon 
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the pit goes down, since the bottom and sides of it now oonsiet 
almoBt entirely of massive green phosphate. Prom careful mean- 
nrements in the excavation, the quantity of total material re- 
moved from this Hhaft was computed at about 40,000 tons and 
the proportion of apatite at about twelve per cent, of the mass. 
The average daily number of men employed in sinking this shaft 
and dealing with the ore has been as follows : 

Tweuly-fivc miners and strikers with 1 steam drill underground ; 
fi men at the surface unloading the cars ; 25 men and boys in the 
cobbing -ho use, engine-house and blacksmith's shop ; total, 55 men 
and boys. The average wages paid to these — grouped together — 
has been II per capita and per day. 

The average cost of powder and steam and the wear and tear of 
drills, engines, hoists, tools and other plant we estimate from prac- 
tical eicperience at 25 cents per ton of rock removed. 

From these data it is easy for us to compute the cost of the 
phosphate per ton. 

SSmeuandboya at |1 per day for SOO days $16,500 

40,000 tons of rock removed at S5 cents per ton for plant 
and wear and tear 10,000 

Total cost of, Bay, 5,000 tons clean phosphate.. .f2e,S0O 
or, say, $5.60 per ton at the mine. 

The width of the pyroxene belt in the neighborhood of this 
shaft is about 300 feet, and saving that id some places there is a, 
considerable intermixture of huge granitic bowlders, there is no 
change in its predominating characteristics over the remainder of 
the property. 

The equipment necessary to the proper working of an apatite 
mine must include : 

One or two g-ood boilers of about SO H. P. each. 
One or two double drill compressors. 
One or two hoisting: engines of about 30 H. P. each. 
Three or four machine driila fully equipped. 
All necessary fittings and pipe for compressors. 
A first-ciasB plunger pump. 
A flrat-claas double forcing pump. 

A line of transport wagons of about 2 tons each capacity. 
A line of transport sleighs, for winter, of about 2 tone each capacity. 
A commodious blacksniitli and carpenter shop, well provided with 
all kindci of tools. 

A cobbing-house fully equipped. 
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A cooking and boarding house to accommodate, say, 250 men. 
A sleeping-house to accommodate, say, 250 men. 
A large warehouse for stores of all kinds. 
Offices and dwelling for a local superintendent. 

It has already been explained that the form in which the phos- 
phate occurs in the Canadian mines is that of a hexagonal crystal- 
line mass of fluor-apatite. Sometimes it is extremely compact ; 
at others it is coarse and granular. It has a hardness of 5 and a 
mean specific gravity of 3.20, and is generally so friable as to fall 
to pieces if struck with the pick. It varies in color from green to 
blue, red, brown or yellow, according to the greater or lesser pro- 
portions of impurities with which it is contaminated. 

A series of our analyses made from average samples taken from 
many of the largest working mines may be regarded as very fairly 
representative of the average chemical composition of the ma- 
terial. 

COMPOSITION OF COMMERCIAL SAMPLES OF CANADIAN APATITE. 

Ut Qual. 2d Qual. M Qual. 

Phosphate of Ihne 88.20 78.65 66.22 

Carbonate of lime 4.13 8.05 9.20 

Fluorideof lime 3.10 3.04 2.97 

Alumina and iron oxides 0.70 1.03 1.87 

Magnesia 0.20 0.81 0.47 

Insoluble siliceous matter 3.67 8.92 19.77 

100.00 100.00 100.00 

What 18 the origin of these remarkable phosphates is a question 
that has been, and still continues to be, the cause of much contro- 
versy. 

Sir William Dawson, in a paper read before the Natural Histor- 
ical Society, Montreal, 1878, " On the Phosphates of the Laurentian 
and Cambrian of Canada," discusses the probability of animal origin, 
and holds that there are certain considerations which point in this 
direction. Among these are the presence of the iron ores, the 
graphite, and of Eozoon Canadense, which he, with others, holds to 
represent the earliest known forms of life. He further says that 
the possibility of the animal origin of this phosphate is strengthened 
by the presence of phosphatic matter in the crusts and skeletons of 
fossils of primordial age, " giving a presumption that in the still 
earlier Laurentian a similar preference for phosphatic matter may 
have existed and perhaps may have extended to still lower forma 
of life." 
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Othere, again, have conlenduil that it must have been ejecte*! 

from the earth's iiileHor by volcanic action, and prominent among 
those Ib the preBeiit Director of the Geological Snrvey of Canada, 
A. R, C. Selwyn, who says : 

" My own examinations of the Canadian apatite deposits (veins, 
etc.) have led me to a conclusion respecting their origin correHpond- 
ing with that of the Norwegian geologists. I hold that there ia 
absolutely no evidence whatever of the organic origin of the apatite, 
or that the deposits have resulted from ordinary mechanical sedi- 
mentation procesaee. They are clearly contiected, for the most part, 
with the basic eruptions of Archiean date," 

This view is also taken by Mr, Eugene Coste, who, in his report 
on the "Mining and Mineral Statistics of Canada for 1887," con- 
cludes an article on " The Iron Ores and Phosphate Deposits (?) in 
the Archiean Rocks" by saying : 

"It ia only natural that we should conclude, as many other 
geologists have done before, that the iron ore and phosphate to be 
found in our Arcbtean rooks are the result of emanations which 
have accompanied or immediately followed the intrusions through 
these rocks of many varied kinda of igrieoua rocka which are no 
doubt the equivalent of the volcanic rocks of to-day. These de- 
posits, then, are of a deep-seated origin, and consequently the fears 
entertained, principally by our phosphate miners, that their deposits 
are mere surface pockets, are not well founded. These fears are 
no doubt partly the result of the belief which has been somewhat 
prevalent that the apatite in them was the metamorphic equivalent 
of the phosphate nodnles of younger formations, and it may be also 
that Ihey have resulted from the fact that the apatite ia irregularlj i 
distributed in these deposits and is often suddenly replaced by rook^l 
But notwithRtanding this, when the deposits are properly undei 
stood to be, as we hold they are, igneous dykes and veins a 
panying the igneous rocks, it will be easily seen why i 
deposit itself the economic minerals can be suddenly replaced byv 
rocks which may be said to be nothing else but the gangne. If this ■ 
origin is understood it will facilitate and encourage the working of 
these deposits in depth, because the accompanying igneous rock, 
forming a mass or a dyke alongside of the deposit, will be easy to , 
follow, and because if it is apatite or iron-bearing at the surface, it J 
will always be a guarantee that it will also be in depth, as each sepa^l 
rate mass of igneous rock is generally quite constant in compo^^J 
tion." 
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Despite tbe great attention and care with which we have our- 
><elves examined numerous Hpecimene of the Canadian apatitee taken 
troni various points over the entire formation, we have failed to 
"liscover by means of the mieroscope the least trace of anything 
that would lead us jjersonally to connect them with orgauio life, 
Weprefer to ascribe them to a decomposition of the pyroxenile by 
aprocees'of segregation similar to that which in other places has 
"■eHuhed in the production of qnartz and orthoclase, and we can Bce 
no reason for making any distinction between the character of the 
■iepositH. According to Dr. T, Sterry Hunt, the stratiform char- 
acter of these endogenous deposits, as seen alike in the individual 
P*^rtionB and in the arrangement of these as constituent parts of a 
^^in, is well shown at the Union mine, in the LiSvrea district, 
Here the great maea or lode is seen to be bounded on the west by 
* tlark-colored amphibolic gneiss, nearly vertical in attitude, and 
^*^ith northwest strike. Within the vein, and near its western 
'*Order, is enclosed a fragment of the gneiss, about twenty feet in 
*"idlb, which is traced some yards along tbe strike of the vein to a 
'^liS, where it is lost from eight, its bi-eadth being previously much 
diminished. It is a sharply broken mass of gray banded gneiss, 
Vith a re-entering angle, and its close contact with tbe surround- 
ing and adherent coaraely granular pyrosenio veinstone is very 
distinct. Smaller masses of the same gneiss are also seen in. tbe 
Vein, which was observed for a breadth of about 150 feet across its 
strike (nearly coincident with that of the adjacent gneiss), and be- 
joud was limited to the northeast by a considerable breadth of the 
same conn try -rock. 

In one opening on thib lode there are seen, in a section of foKy 
feet of the banded veinstone, repeated layers of apatite, pyroxeiiite 
and a granitoid quartzo-feldspathic reck, including poi-tions of dark 
brown foliated pyroxene, all three of these being unlike anything 
in the enclosing gneiss, biit so distinctly banded as to be readily 
taken for country-ivsck by those not apprised of the venous char- 
acter of the mass. A fracture, with a lateral displacement of two 
or three feet, is occupied by a granitic vein twelve inches wide, 
made up of quarts with two feldspars and black aniphibole, which 
themselves present a distinctly banded arrangement. This same 
granitic vein is traced for fifty feet, cutting obliquely across both 
the pyroxenite and the older granitoid rock, and at length spreads 
ont, and is confounded with a granitic mass interbedded in the 
greater vein. It is thus posterior alike to the older quartzo-feld- 
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spathic rock, the pyrosenite and the apatite, as are also many 
smaller quartzo-feldBpathic veins, which, hi)th here and in other 
localities in this region, intersect at variouM angles the apatite, the 
pyrosenite and the granitoid rock into which the latter graduates. 
We have thus included in these great apatite-bearing lodes 
quartzo-feld spathic rocks of at least two ages, hoth younger than 
the enclosing gneiss. A smaller vertical vein of fine-grained black 
diabase-like rock intersects the wbole. No one looking for tha 
first time at this section of forty feet, as exposed in the quarry, 
with its distinctly bandud and alternating layers of pyroxenita 
and granitoid qnartzo-feldspathic rock, including two larger and 
several smaller layers of crystalline apatite, would question the 
stratiform character of the mass, whose venous and endogenous 
nature is nevertheless distinctly apparent on further study. 

In other portions of the same great vein, quarried at many 
points, this regularity of arrangement is leas evident. Occasion- 
ally masses ai-e met with presenting a concretionary structure, and 
consisting of rounded or oval aggregates of orthoolase and quartz, 
with small crystals of pyroxene around and between them ; 
the arrangement of the elements presenting a radiated and zone- 
like structure, and reoalluig the orbicular diorite of Corsica. 
The diameter of these granitic concretions varies from half an 
inch to one and two inches, and they have been seen in several 
localities in the veins of this region over areas of many square 
feet. 

In the Emerald mine the stratiform arrangement in the vein is 
remarkably displayed. Here, in the midst of a great breadth of 
apatite, were seen two parallel bands (since removed in mining) of 
pyroxenio rook, several yards in length, running with the strike of 
the vein, and in their broadest parts throe and eight feet wide re- 
spectively, but becoming attenuated at either end and disappear- 
ing, one after the other, in length, as tbey did also in depth. These 
included vertical layers, evidently of contemporaneous origin with 
the enclosing apatite, were themselves banded with green and 
white from alternations of pyroxene of a feldspar with quartz. 
Accompanying the apatite in this mine are also bands of iiTcgular 
masses of flesh-red calcite, sometimes two or three feet in breadth, 
including crystals of apatite, and others of dark-greeu amphibole. 
Elsewhere, as at the High Rock mine, tremolite is met with, 
portions of the vein at the Emerald mine pyrite is found in C( 
siderable quantity, and occasionally forms layers many inches 



J 



The Phosphates of America. 39 

thiokness. Several large parallel bands of apatite occur here with 
intervening lawyers of pyroxene and feldspathic rock, across a 
breadth, of aC least 250 feet of veinstone, benldes numerous smail 
irregular, lenticular masses of apatite. The pyrosenite in this 
lode, as elsewhere, includes in places large crystals of pblogopite, 
and also presents in drusy cavities crystals of a scapolite and 
occasionally small, brilliant crystals of colorless chabasite, which 
are implanted on quartz. 

At the Little Rapids mine, not far from the last, where well- 
defined bands or layers of apatite, often eight or ten feet wide, 
have been followed for considerable distances along the strilce, and 
in one place to about 200 feet in depth, these are, nevertheless, 
seen to be subordinate to one great vein, similar in composition to 
those just described, and including bands of granular quartz. In 
some portions of this lode the alternations of granular pyroxenite, 
quartzite and a quartzo-feldspathio rook with little lenticular 
masKCs of apatite are repeated two or three times in a breadth of 
twelve inches. 

The whole of the observations thus set forth serve to show the 
existence, in the midst of a more ancient gneissio series, of great 
deposits, stratiform in character, complex and varied in composi- 
tion, and though distinct therefrom, lilhologically somewhat simi- 
lar to the enclosing gneiss. Their relations to the latter, however, 
as shown by the outlines at the surfaces of contact by the included 
masses of the wall-rock, the alternations and alternate deposition 
of mineral species and the occasional unfilled cavities lined with 
crystals, forbid us to entertain the notion that they have been filled 
"by igneous injection, as conceived by Plutonists, and lead to the 
conclusion that they have been gradually deposited from aqueous 
solutions. 

As one of the most interesting results of the extensive and 
costly mining operations carried out during the past few years, it 
has, we repeat, been demonstrated that the apatite really does 
traverse the entire stratum in which it is found, and that, if it is 
extremely pockety and deceptive in its occurrence, it nevertheless is 
perfectly persistent. It has also been proved that, to put it broadly, 
the same geological characteristics prevail throughout the belts. 

It hence follows that all the depositM may be mined by the same 
method, and that, since we are called upon to deal with invariably 
mixed-up lodes, the quantity of apatite produced will be in direct 
proportion to the amount of rock removed. 
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After duly and seiioualy considering the problem from every 
standpoint, we venture to say that, if the best working ntiiteH could 
be all grouped togclber, the total ratio of pure apatite to other ma- 
terial could be brought up to about seven per cent. 

It is true that there would be certain times when "bonanza" 
pockets would permit of very large production, but it is equally 
true that when the ordinary veins commence to "pinch," as they 
often do, the average production would be very small, or sometimes 
even nil until other bonanzas appeared. The figure of seven per 
cent, is therefore a very reasonable one aw basis for calculations, 
when applied to Canadian mining as a whole. 

A properly equipped mine, under the dii-ection of a careful and 
experienced miner, judicious in his use of explosives, should be al- 
lowed the following force of men, employed as set forth : 

2fl men at prospecting' or preparatory work over various 
parts ol' the property at $1.10 per day each for 800 
days |6,600 

50 miners and strikers in shafts or quarries with one steam 

drill at ?1.20 per day each for 800 days 18,000 

10 men at siu'face labor, unloading, dumping, etc., at $1 

per day each for SOO days 8,000 

10 men in engine or machine shop, blacksmith shop and 

carpenter's shop at |l.aO per day each for 300 days. . 8,600 
5 men in cobbing house at f 1 per day each tor 800 days. . 1,600 

30 bojs in cobbing- house at 75 cents per day each for 300 

days 4,500 

lis men and boys employed daily — coat for the year f3T,300 

From practical experience in this class of work it is estimated 
that the miners and prospectors will produce 5 tons of rock matter 
from the lode or belt per day and per man, and it has been found 
that the other labor and the plant must be regarded as accessory to 
this production. 

Seventy men at 6 tons per day for 300 days will therefore pro- 
duce 105,000 tons of material, which, at 25 cents per ton, will cost 
$20,250 for steam, explosives, wear and tear of plant, tools and 
general stores. 

The cost of the apatite per ton at the mines, ready for ship- 
ment, will therefore he approximately as under : 

Total yearly coat of labor $37,300 

Total cost of stores, etc 26,260 



Total expenditure at mine |63,450 
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Total productioTi of rock, 105,000 tons. 

Seven per cent, of thia quantity = ",;i.')i) tons pbospbatc of all 
^^adee, from seventy to eighty -five per ccait. 

tl(3,450 -S- 7,350 tons = 18.60 per ton. 

These figures are suggested, we repeat, as those of the average 
vnining ooxt, and it ih hardly necessary to add that while some of 
ihe mines now working may be doing better, others are certainly 
xiot doing so well as this. In any event we must add to the 
*gures the salaries of various officers and the interest on the 
capital invested in the purchase of the mine. If these items 
lUpe'd together under one head, we shall probably be within 
*he mark if we chai-ge them at the very moderate sum of #1.40 
"per ton on the amount of ore jiroduced. This would therefore 
"place the average net cost per ton, at the mines, at *10 for the 
qualities named. Again, it must be remembered that we are 
estimating the averages over the entire year. It would be obviously 
"Unfair to object to them that, when the mines are in "bonanza," 
the phosphate does not cost more than one-half the estimated 
ftmount, just as it would be unreasonable to claim, during a long 
j>eriod of " dead " work, that it costs twice or three times as much. 
When studying this question of cost, we must bear in mind that, 
owing to the mised-up nature of the vein matter, nearly all the 
output has hitherto been put through the expensive process of hand- 
cobbing, as show in our illustration, in order to arrive at an average 
standard quality of from seventy-five to eighty-five per cent, of 
phosphate of lime. The impossibility of obtaining fairly remu- 
nerative prices in Europe, which is the market for the entire Cana- 
dian output, for lower grades, has necessitated this cobbing and 
induced a state of affairs probably unprecedented in the history of 
anymining operations. We refer to the fact that the whole of the 
apatite mining companies have been shipping no more than about 
one-third of their total production ; the balance has been lost in 
the cobbing, and has been consigned to the dumps with the re- 
fuse, where it now remains as useless material ! 

That few, if any, of the enterprises have paid any dividends on 
their capital is not a matter for surpriae under such circumstances 
SB these, nor is any argument necessary to show how immeasurably 
their position would be ameliorated if a market were created for 
"lower grade ores. The cost of transportation now renders these 
unfit for the market of Europe, but tlicy are just the very class of 
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material required for the manufacture of fertiliKers for home con- 
sumption, and il would be wiser )>olicy to dispetiHe witU ' all the 
expenBive pi-ocesMeB of band selection and cobbing at the majority 
of the mines, and to rest content with such an assortment at the 
quarry side aa would insure an average grade of sixty per cent. 
The proportion of this quality to the total vein matter removed 
would bo about double that of the pure apatite ; in other words, 
instead of seven, the output could be placed at fifteen per cent., 
and the cost of cobbing would be saved. 

The costlineRH of handling at the mine, however, is not the 
only impediment to the greater development of the apatite indus- 
try in Canada; another, and very serious obstacle, is the comparative 
inaccessibility of the deposits. One or two of the most important 
oompanies have gone to the expense of constructing shutes, or in- 
clined railroads, for the carriage of their product to the river's 
banks, but by far the greater portion of the output is at present 
rolled in wagons or sleighs over very indifferent roads generally 
leading to a rough storehouse, provided with a weighing shed and 
a Howe's scale. At this point different compartments or bins 
receive the phosphate according to its grade or quality, and a 
series of tramways connect the stored heaps with inclined shutes, 
whence the material is loaded directly into scows or barges on the 

The actual cost of transport fi'oin the chief mining centres in 
the Quebec district to the wharf-side at Montreal has been the 
object of special inquiry, and the following figures have been ob- 
tained from official 



■COST OP TRANSPORTINQ APATITE FROM THE CHIEF MINING CENTRES IN 
OTTAWA COCSTY TO THE WHARF AT MOKTRKAL. 

Loading at mine!), carting to and unloading at Riverside 

Store H 50 

Loading into scows 05 

Towing to Buckingham Village 18 

Unloading scows and loading on cars of C. P. R. R 12 

Railway freight to Montreal 1 25 

Wharfage, insurance u.nd incidentaJs at Montreal SO 

Total cost of transport from the mines per ton %& 60 

It would hence appear that the average cost of Canadian apa- 
tite delivered free on board vessels at Montreal outward bound 
for European ports must be placed at ahout Jl-i per ton, and 
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^^H against this it A-ill l>e of interest to study the si-liiiig prices whidi 
^^B prevailed for the material during I^eo. 

^^M TABLE 8HOW1NQ THE SBLLIKa PRICBS OF CANADIAN APATFTB F. 0. B. MON- 

^^1 TREAL DUBINO ISQO. 

^H For jihoaphate guaranteed to contain 83 per cent., t2S 00 per ton. 

^H 80 " 33 50 ■' 

^H 73 18 00 

^H TO 14 50 

^H " ■• m 11 

^^B If we could nsBunie that the two highest of the above qualitieo 
^H formed the bulk of the material exported, it is evident that Cana- 
^^H ^ian phosphate -mining would have to be placed in the front rank 
^H of proiitable enterprises. Whether the bulk is thus composed, 
^^H liowever, is a very perplexing question in the face of the following 
^^H official iigurea showing the total quantities and values of ore yearly 
^H «xported since the opening of the mines in mil : 
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^^1 1678. . . 
^H 1679. . . 
^H 1880. . . 

^H lesi..; 

^H 1883... 
^^B 1888. . . 


2,823 
10,743 

8,M6 
13,060 
11,988 
17,153 
19,716 


47,084 
308,100 
133.035 
190,086 
318,456- 
838,357 
437,668 


1884 

1885 

1886 

1889:;:;; 

1S90 


31,709 
28,969 
30,440 
33,153 
18,776 
39.087 
22,000 


434,340 
406,293 
343,007 
433,317 
208,609 
394,768 
380,000 


^^H Fi-om the values thus recorded we gather that in the year 1885 
^^M about 29,000 tons were sold at the average of ^ll per ton in Mon- 
^^H treat, whereas in 1890theoutpiit fellto 22,000 tons and the price to 
^^H an average of 115 per ton at the same place. This would indicate 
^^1 that the average quality of the entire yield was seventy to eeventy- 
^^H five per cent, of tricalcic or bone phosphate, and in such a caae 
^^H the net profit on the entire exploitation could not have been very 
^^H large. 

^^B Nothing could possibly be more confirmatory of our views of 
^^H this mining field, therefore, than the oflicial returns relating to it, 
^^H and we cannot refrain from again insisting, and with additional em- 
^^H phasis, upon the necessity for an immediate and radical change of 
^K policy. 
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The cuetom of tlirowing the entire cost of prodaction upon tbl 
high grades is unfair and should be diacontiuued. In its etead m' 
rule should be eBlablislied of sttting aside for foreign abipmeDt 
only such ponioiis of the pure apatite as may be obtained directly 
from the lode without hand-cobbing at the surface. There would 
be no difficulty in diflpoeing of these choice lots in Europe at very 
high prices, and there is no doubt that with proper care and skill 
in the inanagement ihey could be brought up to one-fourth of the 
total output. The balance of the material mined would certainly 
average more than sixty per cent., would probably go up to eixty- 
tire, and would of course, as we have already explained, bear a fi 
larger proportionate relation to the total nick removed than i 
does now. Since there is no I^ck of grinding facilities at Buckings 
ham Yillage, quite close at hand, and since there are several abun-r 
dant deposits of pyrites — the material required for sulphuric 
manufacture — in the immediate vicinity, it is self-evident that thijl^ 
low-gi-ade material could be readily and cheaply transformed into 
an excellent supei'phospbate, containing at least fourteen per cent.' 
of soluble or available phosphoric acid. 

There would be no difficulty whatever in establishing a sale for 
such an article at a very fair rate of profit, and the demand simul- 
taneoasly created for sulphuric acid by the adoption of this method 
would stimulate the development of the chemical industry in vari- 
ous branches, and new channels would thus be opened up for the 
safe and profitable investment of capital and the constant and re- 
munerative employment of labor. 
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CHAPTER IV. 

THE PHOSPHATE DEPOSITS OF SOUTH CAROLINA. 

The amorphous and nodular deposits of phosphate of lime thus 
far discovered in the United States have been found in that portion 
of the rocks of the fourth geological period or " Cenozoic^^ time 
known as the lertiary J^ormation, or " age of mammals," which 
immediately preceded the Quaternary JFormation, or "age of 
man."^ 

It is probable that the earth's surface really began to assume its 
present geographical aspect in this tertiary age, and a great part of 
he fauna Aud flora either closely resembled or was identical with a 
large number of our existing familiar species. Chief among its 
characteristics was a marked and continuous subsidence of the 
Seas and an accompanying increased elevation of the land. The 
Seas underwent evaporation ; lagoons were formed ; marshes were 
dried up; lakes were drained, and mountain chains arose and towered 
above deep valleys. The climatic conditions were next revolution- 
i zed, for the even temperature communicated by the earth's interior 
lieat to an unbroken surface could no longer prevail. A redis- 
tiribution oi fauna 2^ndL flora hence necessarily ensued, and number- 
less species were naturally exterminated before perfect acclimation 
t^ould be accomplished. The fossilized remains of these extinct 
species, including incredibly gigantic reptiles and sea monsters, con- 
tinue to afford a most interesting field for the study of paleontology, 
^nd have enabled us to recognize the pachydermatous anoplothe- 
'9'ivm as the oldest typical mammal, and to trace the succeeding 
"true ruminant and carnivora and the endless swarms of shell-fish 
and bivalves right down to the present time. 

The subdivisions of the tertiary age embrace three eras, which 
are respectively known to geologists as follows : 

The Eocene Era^ or age of nearly extinct species. 
The Miocene Era^ or age of which the species are more than 
lialf extinct. 

The Pliocene Era, or age of which more than half the species 
are still living. 

The rocks of the tertiary have been classified according to 
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certa n characteristic diHerences in their cHsential features ariBin^ 
from the fact that one portion of them was ijeposited by fresh and I 
another by salt water. The oldest of them comprise gradually ■ 
ascending bcdu of sandH, clays, compact sandstones, loose shell-beds 
and calcareous sandGtones, and they gradually develop into marls, 
clays, chalk, solid limestones aud greensands. No other age was- 
subjected at various intervals to more severe eruptive action, and^ 
its close was marked by immense disturbanueH, of which most of! 
our active volcanoes remain as monuments for our wondering c 
teraplation. 

The portion of the tertiary strata in which our workable phoB«fl 
phate deposits are found may be broadly said to hug the coast < 
the Atlantic Ocean and the Gulf of Mexico from New Jersey ti 
Texas, and to embrace within its area the most extensive marl-bee 
in the world. 

Deposits of more or less commercial value and importance have' 
been located and worked in Virginia, North and South Carolina, 
Alabama, Georgia and Florida, and there is no reason why they 
should not be found in large quantities in States where they are not 
at present known, or where they have only hitherto appeared to be- 
of very low grade. 

If no further discoveries should take place in our time, however, 
the vast beds of South Carolina and Florida are capable of yielding 
more than sufficient to supply the entire needs of the world far into 
the future, and as they are the only present sources likely to b& 
extensively exploited in this country, we may dismiss all others 
without further comment. 

In his work on " The Phosphate Rocks of South Carolina,"' 
Professor Francis S. Holmes tells us, in reference to their discovery, 
that in November, 1837, in an old rice field about a mile from the 
west bank of the Ashley River, in St. Andrew's Parish, he found a 
number of rolled or water-worn nodules of a rocky material filled 
with the impressions of marine shells. These nodules or rocks wer& 
aoattered over the surface of the land, and in some places had been 
gathered into heaps so that they could not materially interfere 
with the cultivation of the field. As these rocks contained little 
carbonate of lime (the material of all others then most eagerly 
sought after), they were thrown aside and considered useless as a 
fertilizing substance. In December, 1843, In another old field he 
attempted to bore with an augur below the surface to ascertain the 
nature of the earth beneath, with the hope of finding mar!. On 
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Temoving tbe soil above the rocka they were seen in a regular 
stratum about one foot thick imbedded in elay, and seemed to be 
identically tbe same as those found scattered on the surface of ad- 
joining land, all of them beating impressions of shells and liaving 
similar cavities and holes filled with clay. It was on the 23d or ij4th 
of February, 1844, while engaged in the removal of the upper beds 
covering the marl, that the laborers discovered Neveral stone arrow- 
beads and one stone hatchet. Not long after finding these relics of 
human workmant^hip, and while engaged in his usual vii^ita to the 
Ashley marl-bed, Pi-of. Holmes found a bone projecting from the 
bluff immediately in contact with the sui'face of the stony stratum 
(tbe phosphate rocks); he pulled it out and beheld a human bone \ 
Without hesitation he condemned it as an "accidental occupant" 
of quarters to' which it had no right, geologically, and so threw 
it into the river. A year after, a lower jaw-bone with teeth was 
taken from ibe same bed. Subsequent events and discoveries show 
concluBively that the first -de sen bed bone was in "place," and that 
the beds of tbe post -Pliocene, not only on the Ashley River, but in 
France, Switzerland and other European countries, contain bones- 
associated with the remains of extinct animals and relics of human 
workmanship. 

Tbe necessary lime or calcareous earth for manufacturing salt- 
peti'e on tbe west bank of the Ashley River during the Confederate 
war was obtained by sinking pita into the Eocene marl-bed. 

Upon tbe removal of a few feet of the upper layers the workmen 
discovered in one pit a number of oddly-shaped nodules, resem- 
bling somewhat the marl-stones (phosphate rock) found in the 
Hlralum above the marl, but more cylindrical in form and not 
perforated, and having their exterior polished, as though each in- 
dividual specimen had received a coat of varnish ; they appeared 
to have been deposited in a large corner or pocket in tbe marl-bod. 
Upon submitting these samples to analyses their true value was 
revealed and South Carolina thereafter became a centre of attrac- 
tion. 

It was not until about 1837, howevar, that a mining company 
could be organized to test the practicability of working the phos- 
phate on ft comjnercial scale, but this company was no sooner 
started than it became a succews, and the industry has since then 
progressed with silch leaps and bounds that it has raised the statUK 
of South Carolina to that of the most productive phosphate field 
yet known to industry. 
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The geological formation of what is commonly called its phos- 
phate "helt" is niaJo up of qiialernary sands and days. These 
overlie the beds of Eoeene marls, upon whose surface and inter- 




mixed with which is fount! the phosjihate depoait. The presumed 
total area covered by this eharacteriMtiu forniation, aa ahown by 
the map, is 70 miles in k-ngtli and 30 miles in width, extending 
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Jrom the moulb of Broad River, near Port Royal, in lUe oomh- 
«ast, to tlie lit^ail waterti of the Wando River iu ihe nortbrast. 
3te major axis in parallvt tu tb« coast, and lie greatest width ia iti 
nhe neighborhood of CharleHtoa. 

Whether the deposit in continuous or not over thu whole of this 
2one, it certainly varies considerably in depth and thickness. In 
many places we have seen it 3 feel thick and cropping out at the 
surface, whereas in others it has dwindled down to a few inches, 
■or was found at depths varying from 3 to 21) feet. These two con- 
■ditiona, thickness of deposits anil depth of strata, taken together 
"with the richness of material in phosphoric acid, are of course the 
«hief points for consideration in the economic working of the 
Charleston phot^phate bed« on an industrial scale. 

The most approved and generally adopted method of ascertain- 
ing the importance and value of the deposits is that of boring and 
pit-sinking, 

A careful topographical survey is first made of the country, 
and when this has been done there commences a systematic series 
of bore-holes from any point that may be arranged, by means of a 
long steel borer or rod, specially designed for the purpose. The 
boring rod is worked down through the upper strata until it is ar- 
rested 1iy the solid bed of phosphate. Directly the slightest resist- 
ance is offered to its passage it is drawn up, and the distance it has 
traversed is meaKured with a foot-rule. The measurement having 
been noted, the rod is again let down, is forced through the resist- 
ing strata, and is then again withdrawn and measured. The differ- 
ence between the first and second measurements is taken as repre- 
senting the thickness of the phosphate bed. These bore-holes are 
practised at distances of 100 feet apart over the total surface to be 
examined. The results obtained with the rod are verified and con- 
firmed by a series of exploratory pits — 10 feet long by 5 feet wide 
— which are dug over the courne of the bore-holes at intervals of 
600 feet. The bore-holes are driven to a maximum depth of 15 
feet, and no pits are at present sunk on those portions of the land 
where at that distance no phosphate has been encountered. Im- 
mediately after removing the overlying strata the phosphate is 
carefully taken out, its depth and thickness measured, and an aver- 
age sample of the rock and nodules secured and laid aside for 
analysis. 

The practically invariable nature of the superincumbent ma- 
terial throughout the entire belt, as shown by the digging of a 
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lai^e number of pits under our direction, is represented in the fol- 
lowing table, the figurcK being averages compiled from our field 
note -book ; 



Soil very black and acid 

Mixture of sand and blue clay 

Sihcioua clay 

Potters' clay mixed with Hhells. . . . 

Sandy, hard cong-lomerate 

Phosphate rock or nodules mixed with 

blue clay 

Depth of overlying beds 



til 



8>i 



This is Htill further illustrated and will be probably more clearly 
conveyed by the accompanying sketchea of typical sectionB, pre- 
pared by R. A, F. Penrose, Esq., and borrowed from Bulletin No 
46 of the United States Geological Survey, 
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■ielcj County, South Carolina. A, oli^ 



I 



deposit at a greater maximum depth than 15 feet 
liilherto considered impracticable, under the conditioni 
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rdant surface supply and consequent low mining cost, to condaot a 
1 profitable exploitation at any gieatti depth A far wider area of 
I lands than those actually classed as mining prnperties may there- 
L fore contain the very same deposit of phosphate, lying under a con- 




iginous 9ar,<l ; C, 



[ flidcrably greater accumulation of the quaternary strata, and this 

18 the view we are personally disposed to adopt as representing the 

I facts. Whether or not, however, in face of the recent Florida phos- 

L phate diBCovery, any economical meann will ever he devised in our 

■ "time to exploit them a± a proiit, should they really exist, is a ques- 
f tion as to ■which we are in very serious doubt. 

The phosphate deposits in Sonth Carolina are of two kinds, the 

" River " and the " Land," but the material found in the river hot- 

JtOTOS of the "belt" ia of practically the same chemical description 

JSB that of the land, having, in fact, been merely washed into them 

■ from its original beds. It has been worked extensively and has 
f'proved to be of gi'eat commercial value, since it is obtained by the 
r simple and inexpensive process of dredging, and is thus raised and 

washed free from all adhering impurities by ( 
I operation. 

The dredging scoops ai'e made extremely 
they may break through the nodular stratum, 
, held in position at the four eoriiers by " spudi 
. poles with iron points, which are dropped into the water before 
I dredging is begun, and atfoi-d a strong support for the boat by 
Ing through the nodule stratum and down into the river-bed 
libelow. The nodules are thrown from the scoop into the washer, 
Vhich is on a lighter alongside the dredging boat. The washer, in 
me cases, is the same as those nsed by the land-mining companies, 
Bito be presently descnbed, but often it consists of a truncated cone, 
■Vith perforated sides, revolving on a horizontal axis. It is sup- 



I and the samu 

order that 
d the boats are 
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plied on the ineide with eteel spirals, arranged arouud the side like 
the grooves in a rifle, and heavy streams of water flow into its two 
ends. The nodules are dumped by the dredge into the Btnall end 
of the cone and come out at the large end. They are then removed 
by a derrick to another lighter and towed to uhore. 

The dredging machine is not the only means employed for rais- 
ing the river phosphate, some companies having adopted a contriv' 
aiice consisting of six large claws, which open when they descend, 
and close, forming a kind of bucket, when they rise. It is said 
that some of these machines can dredge in 50 to 60 feet of water, 
while the ordinary dredging boat cannot raise the phosphate in 
over 20 feet. 

Both the rook and nodules from these river and land deposits 
occur in very irregular masses or blocks of exti'cmely liard con- 
glomerate of variegated colors, weighing from less than half an 
ounce to more than a ton. The mean specific gravity of the mate- 
rial is 2.40, and it is bored in all directions by very small holes. 
These holes are the work of innumerable cruBtacete, and are now 
filled with sands and clays of the overlying strata. Sometimes the 
rock is quite smooth or even glazed, as if worn by water ; at others 
it is rough and jagged. 

Interspersed between the nodnles and lumps of conglomerate are 
the fossilized remains of various species of lish and some animals, 
chiefly belonging to the Eocene, Pliocene or post-Plioeene ages. 

Very careful analyses of a large number of the samples of land 
rocks taken from the pits and made in our laboratory gave, after 
being well dried at 212° F., the following average : 

UoJNture, water of combinatioa and organic mattei' lost on 

ignition 8.00 

Phosphate of lime 59.63 

Carbonate of lime 8.68 

Iron and alumina (calculated as oxides) 6.60 

Carbonate of magnesia 0.T3 

•Sulphuric acid and fluoride of lime 4.80 

Sand, siliceous matters and undelerniioed 11.56 

Total 100.00 

While it is shown by these figures that the grae of this phos- 
phate is not extremely high, it has been proved by experienoo all 
over the world to be admirably adapted for the purpose of manu- 
factunng commercial fertilizers, and it will doubtless long oon- 

• The Hulphurli: aelii PepreHcnta the sulphur njiiibinetl v,i1li inm aa pyrlleH. 
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tinue for this reason to maintain a leadin 
material. 

Before the land rock can be made available for industrial pur- 
poses, it is made to pass through three distinct and BaccesBiTe 
opei'atious. 

1. Mining or excavating. 

2. Washing it free from sand and other impurities. 

3. Kilning, to free it from moisture. 

Taking these in their order, it is customary lo establiab a main 
trunk railroad, starting at tlie river front or on the bank of some 
coijvenient stream, and passing right through the i;entre of the 
property to be exploited. 

Alteraate laterals can be run off at right angles fi-om any por- 
tion of this main line, at distances of, say, 500 feel, in conformity 
with the nature of the ground. Between and parallel lo these 
laterals a ditch or drain is dug to a depth extending 4 to 5 feet 
below the phosphate strata. From this main drain the excava- 
tors start their lines at right angles to the laterals, commencing 
at one end of the field and digging ti^enches 15 feet wide and 
50O feet long, the work being so arranged that the men are stationed 
at intervals of 6 feet. Every man is supposed to dig out, daily, 
a "pit" 6 feet long, 15 feet wide, and down to the phosphate 
rock. ITie overlying material is thrown out to the left-hand side 
of the trench. The phosphate itself is thrown out to the right and 
taken in wheelbarrows to the railroad cars which pass at either 
end of the trench. The water drains from the trenches into the 
underlying ditch, and is thence jnimped out by means of a steam- 
pump worked by a locomotive engine. The pump and tlie engine 
are secured to connected railway platforms, and run along the rail- 
road track from one ditch to another as occasion requires. 

The cars, loaded with the crude phosphatic material dug out of 
the pits, are run down to the washing apparatus, constructed at an 
elevation of some 30 feet f i-om the ground, and generally consist- 
ing of a sei-ies of semi-circular troughs 20 to 30 feet long, set in 
an iron framework at an incline of some 20 inches rise in their 
length. Thi-ongh every trough passes an octagonal iron-cased 
abaft provided with blades so arranged and distributed as to form 
1 screw with a twist of one foot in six, which forces the washed 
Itiatertal upwards and projects the fragments against each other. 
The phosphate -la den cars are hauled up an incline and their con- 
tents clumped into the bottom trough, where the phosphate en- 
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counter» one or moro heavy streams of walpv, punijied up by a steam- 
pump. This water does not run off at the bottom, biit'overfiows 
at the higher end near whei-e it enttis. When sufficiently washed, 
the material is pushed out upon a half -inch-mesh screen ; the smalt 
debris being received on oscillating wire tables below. 

The phosphate is now ready for kilning or drying, and of all the 
methodij hitherto adopted for this important process, that of simple 
roasting in an ordinary kiln, such as is generally used in the mann- 
faoture of bricks, is said to have been found at once the most rapid,-^ 
effective and economical. 

The rock is bnill on layei-s of pine wood, and owing to its con- 
taining a considerable quantity of organic matter, it readily lendw 
itself to combustion and requires but a short time to become quite' 
red-hot. 

The kilns are made sufficiently large and are so arranged as to' 
allow free passage to a train of earn, which, running on the main' 
line of railroad, can be loaded in the kiln, run down to the landing, 
place and discharged directly into the barges or boats on the rivec 

Since the beginning of operations in 180B, the yearly quantities of 
phosphate taken from the South Carolina rivers and mines have been; 
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17,655 


50,655 






sa,503 

4J,777 




1873 
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3,031,000 


2.434,557 


5.465,657 


1891, estimated total from all s 
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.... efiO,000 
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And the number and the importance of the companies actually 
iDgnged in mining are shown in the following table : 

LAND PHOSPHATE COMPANIES. 

Name, Addren, Capital. 

Williman Island Co P. O.. Beaufort; works, Bull River. $200,000 

^Bolton Mines (K. S. Tupper). . P. O., Charleston ; works, Stono 

River 60,000 

Charleston Mining & Manu- 
facturing Co P. O., Charleston ; works, Ashley 

River 1,000,000 

Campbell & Hertz P. O., Rantowles ; works, Ran- 

t >wles Creek 50,000 

fiulow Mines (Wm. M. Bradley) P. O., Charleston; works, Ran- 
towles Creek 350,000 

^t. HoUey Mining Sc Manr> 

facturing Co P. O., Charleston ; works, Mt. 

Holley, N. E. R. R 50,000 

O. H. Drayton P O., Charleston ; works, Ashley 

River 50,000 

"William Gregg P. O., Summerville ; works, Ash- 
ley River 50,000 

^\ C. Fishburne P. O., Jacksonboro ; works, Pon 

Pon River 50,000 

lM!eadville Mines (E. Meade). . . P. O., Charleston ; works. Cooper 

River 300,000 

Magnolia Mines (C. C. Pinck- 

ney) P. O., Charleston ; works, Ashley 

River 100,000 

3lose Mines (A. B. Rose). ..... P. O., Charleston ; works, Ashley 

River 100,000 

Wayne & Von Kolnitz. ....... P. O., Charleston ; works, Ashley 

River 50,000 

St. Andrews Mining Co P. O., Charleston ; works, Stono 

River 200,000 

Hannahan Mines P. O., Charleston ; works. Cooper 

River 50,000 

Horse Shoe Mining Co. (Wm, 

Gregg) P. O., Charleston; works, Ashepoo 

River 50,000 

Wando Phosphate Co P. O., Charleston ; works, Ashley 

River 200,000 

T. D. Dotterrer P. O., Charleston ; works, Ashley 

River 25,000 

Archdale Mines (Hertz & War- 
ren) P. O., Charleston ; works, Ashley 

River 20,000 

Pacific Guano Co P. O. , Charleston ; works, Bull 

River 100,000 

Eureka Mining Co. P. O., Charleston ; works, Jack- 
sonboro, C. & S. R. R 40.000 
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RIVER PHOSPHATE COM PAN IBS. 
\ame. AdditH. OatilUd. 

Beaufort Phosphate Co.. P. O., Beaufort ; woiks, Braurort River. SlOO.a 



Coosa w Mining Co. . 

Carolina Mining: Co. . . 
Farmers' Mining Co. . 
Oak Point Mines Co. 



. P. 0., Coosa w ; norka, Coosaw and Bull 

rivei-s 600.00»! 

. P. O., Beaufort ; works, Beaufort Ri\-er. 250,0i 

. P. O., B^aufoi't : works, Coosaw River.. 135,000 

P. O., Beaufort; works, WirabeCreek... 150.000 



Sea Island Clieniical Co. P. O., Beaufort ; works, Beaufoil River. 350,000 

Of tlie river companies, tlie Coosaw, which for many yearn 
baa been one of the chief operators, has l8i«ly been compelled to 
snspend its production on account of a scrioUH controverey with IhtT 
State, and in this connection it will be intei'esting to refer to & 
mesBage which was sent to the LegislatKre by the Governor of 
South Carolina on the let of March, ISO], iu which he makes thv. 
following statement: 

"In 1870 the Legislature granted privileges to a corporation 
known as the River and Marine Company to mine rock in tbft 
navigable watei's of the State for twenty-one years. The State re- 
ceived nothing for this valuable franchise. The Coosaw Miniii 
Company obtained from the original gi'antora exclusive right t 
mine in Coonaw River, and with a paid-up capital of 82 75,000 com- 
menced operations. In 1870 the General Assembly passed an acb- 
confirming the exclusive right of the Coosaw Company to mini 
that river for the term of twenty-one years at a fixed royalty of tl 
per ton, and this lease has now expired. The act of 1676 was drawn' 
by the attorney of the Coosaw Company, and so adroitly wordel> 
as to give color to the claim that the gi'ant of that river was per- 
pettial ' so long as that company shall make true returns,' etc., and" 
nndcr this the company claims that its tenure is not aleai^e ex.piring*.' 
in ISfll, but a contract running for all time. This claim is pre-' 
poetei'ous, and thin General Assembly must not hesitate to move for- 
ward and act promptly and decisively. 

" The Coosaw River, to which this company lays claim, is, per- ' 
haps, the best phosphate field in the world, and the lease under 
which it has been mined for twenty-one years has made every stottkn 
holder wealthy, Theii- plant, which lias be<?n ohlained from tl 
surplus profits, is valued at #750,000 or over; and in the mean time^l 
by fabulous dividends, the oi-iginal capital of *275,000 has been « 
turned to the stockholders, as I am infoi'med, over and over agaio^ 
When you are told that the output of this company this year haR- 
been 107,000 tons, worth *7 per ton f. o. b., and that the cost oft 
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tnining this rock, iiivlnijiiig royally, cantiol exceed ♦4.25 piT ton, 
land ia Relieved by many to Ikj niiich lens, you will eeo llial tlm 
fit exceeds one hiiiidi-ed yn-v cent, on the originul iu- 
VeBtinenl. The total royalty neciiitd by the Stale from its ]ihos- 
phate bn.s been over ^2, 000,000, and of thitt amount over half has 
been paid by the Coosaw Company. 

" The expiration of the Coosaw lease in March next raakeB it poa- 
rible to double the income of the Stale from the jihosphale I'oyally 

I without injuring the industry or interfering undnly with any vested 
tight. We therefore demand a survey of the phosphate territory 
And the sale of its lease at auction to the highest bidder, after a 
minimum royalty has been fixed by the board of control upon each 
district surveyed. Anj'thiug less than a thorongji and reliable 
survey would ^be a waste of time and uioney, and this will take a 
good deal of both. But it will repay its cokI, and until we have 
the data which alone can be thus obtained, we cannot legislate in- 
telligently or derive the benefits fi-om this valuable property that 
Ve ought. This year the royalty has been #237,000, and all of 
it except *3,000 was paid by hix large uiiaing corporations, whose 
fleld of operations is confined to a territory within twenty miles 
of Beaufort. You will be to!d by some that this indicates an 
exhaustion of the deposits ; but I am sui'e it only means that good 
IWjk. is more plentiful or more cheaply mined there than elsewhere. 
A sui-vey alone can demouBtrate the truth or falsity of this belief, 
which is based upon the assurance of experts who themselves have 
mined in other waters of the State, and as the i-elianceof capitalists 
upon an estimate of the value of any given deposit of phosphates 

Ilfill depend largely npon the character of the man making the sur- 
vey, I have thought it best to obtain the help of the United States 
Government, if possible, and ask the detail of an officer of the 
Xavy or Coast Survey to do the work. I think an ajipropriatitm 
ftf #10,000 will be sufficient to start with, and by the time the 
General Assembly meets a year hence, it will have something 
-definite to go npon and can continue the work or not as it may deem 
Best. In the mean time, by means of this sui-vey and the oppor- 
"tanity for further investigation, to which all my spare time shall be 
devoted, a clearer understanding as to the best system of manage- 
ment of this important industry can be obtained and the General 
Assembly can then act intelligently. 

" When the Coosaw lease expires, March 1 next, let ns open 
tthat river to all miners who choose to enter it ; allow the board of 
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control to parcel out iliu territory among them no as to prevent ' 
contlk-t ; raise the royalty to $2 per ton and place one or more 
inspectors on the ground to sniKjrvise the work and weigh tbe rock 
when Mhi|)p«i. All the river rock mined in South Carolina is 
e}[ported to Europe, and last year the demand was bo great as to 
neeeesitate the exportation of 40,000 tons «( luul j'uck, wJiile the 
price has steadily increased since 1837." 

This is a strong message, and bow far Governor Tillman ia 
justified in assuming the river deposits to he either "practically 
inexhauBlihle" or to have heen very little affected liy the enormoiia 
drain to which they have been subjected during the past twenty 
years, is a question of extreme delicacy. To what extent it is politia 
or wise on the part of the State to increase the first cost of a raw 
material which is just now threatened with fierce competition fi-oni . 
a most formidable and naturally favored i-ivnl is also a matter for ] 
very sei-ious consideration. In any event, the facti'emnins that the J 
Coosaw Company has seen fit to disagree with the views of th« j 
Governor and has joined issue with the State on the question of I 
right. When the State Phosphate Commission, therefore, took I 
possession of the Coosaw River territory, on the 2d of March, ISdl, J 
and made preparations to lease it to all who applied for a licensei, .] 
the company filed a protest, and on March 6th was granted a tern- 1 
porary injunction by Judge Simonlon, of the Xliiiled States Court, j 
whereby the State Phosphate Commission was enjoined from enter- 
ing upon, or otherwise interfering with, that part of the Coosaw ! 
River which the company had previously occupied. As a fii-st j 
result of the litigation the Chief Justice of the Supreme Court has \ 
decided as follows : 

"The acts of IB70 and 1870 must be construed in pari matiiria. 
Under the first act the State gave the grantees for twenty-one yeard 
the right to mine in its navigable sti'eams. This grant was u])on 1 
the condition that the grantees should pay annually tl a ton c 
each ton dug and mined, and that they make a return of their j 
operations annually, or oftener if required. This was not an ' 
exclusive right (Bradley as. The Phosphate Company, 1 Haghes), 
It was upon condition ; that is to say, it existed so long as the c 
ditions were fulfilled and no longer. The act of 1876 proposed | 
modification of this contract in four particulars. 

"1. The lime for making the returns was definitely fixed at the j 
end of each month. This was an advantage to both parties. 
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The royalty was made payable on each ton dug, mined and 
, not on the rock mined. This was in favor of the grantees. 
The royalty was made payable qnarteriy, not annnally, this 
provision to-go into effect immediately and royalty for the two quar- 
ters of the current year to be paid at once. This was in favor of 
_ -the State. 

. The right to mine, therefore, if not exclnaive, was made 
Exclusive on aeoount of the acceptance of the State's proposals. 

riginal contract was unchanged in every other respect. 
"TThe royalty remained the same, *1 per ton. The grant was 
^wholly on condition, that is to say, existed bo long as and no longer 
"•ban the conditions were fulfilled. The duration of the grant dur- 
ing which these conditions were of force was unchanged — twenty- 
^me years from 1870. 

"This is a reasonable construction of a doubtful act by which 

I "the doubt is resolved in favor of the sovereign grantor ; it is a 
"lamiliar rule of construction that when a statute operates as a grant 
•of public property to an individual, or therelinquishment of apublio 
interest, and there is a doubt as to the meaning of its terms or its 
.general purpose, that construction will be adopted which will sup- 
port the claim of the goveniment rather than that of the individual. 
■Nothing can be enforced against the State." 
This, then, is the present position of affairs, and pending an 
appeal from this decision the Coosaw Company has refrained from 
dredging the rivers and will certainly strain every nerve to prevent 
others from doing so, thereby reducing the output and quantity 
of river rock hitherto exported to Europe by about one-half. 

It will have been noticed that in the course of his message the 
cost of producing one ton of river rock in marketable condition 
was placed by the Governor at $4.25 per ton, including the $1 

I royalty paid to the State, and that this is a fairly coi-rect statement 
ia borne out by the facts elicited in 1886 by a commission espe- 
cially appointed by the Legislature to investigate the subject. The 
nme figures apply with equal fairness to the cost of the land phos- 
phate, as demonstrated by the testimony sworn to by various ex- 
perts before the examining body and by our own practical investi- 
gation In the field. With a properly constructed plant, regular 
drainage and eJhcient and economical management, we find that 
the total cost of production of land phosphate in clean, dry, mar- 
Iietable condition may be thus stated : 
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Mining Bt a maximum dopth of 15 feet Jl.Off 

Dniinint; the mine 25 

Loodiag on cars and carrying to washer SO- 

Washing 30 

Drying and ImmlHng in kiln 50 

Shipping from kiln into vessels on river 25 

Interest on capital invested In plant and repairs to same. ... 1» 

Superintendence and manngement of mines 20 

Towage to Charleston, say 23 

Total per ton of 3,240 pounds $3.50 

The present selling price of dry phosphate containing a mean 
average of fifty-seven per cent, tribasic or "bone phosphate "of 
lime is j|>7 per ton of 2,240 pounds on wharf at Charleston, and if we 
may judge of the total net profits accruing to the miners during the- 
past twelve months by the dividends actually distributed by some- 
of the companies whose published aoeounts have been placed at 
our disposal, they cannot be estimated at less than $1,000,000. 

These figures are doubtless, in a great measure, responsible for- 
the vapid intellectual and industrial growth of South Carolina, and 
they are significantly emphasized by the fact that of the total 
phosphate mined iu the State, more than one-third is actually used 
in fertilizer factories situated in and around Charleston and owned, 
by the following companies : 

Port Royal Fertilizer Co Port Roj-al, S. C. 

Baldwin PertiUzer Co Port Royal, 8. 0. 

Atlantic Phosphate Co Charleston, S. C. 

Ashley Phosphate Co Charleston, S. C. 

Edisto Phosphate Co Charleston, B, C. 

Wando Phosphate Co Charleston, 8. G. 

Berkeley Phosphate Co Charleston, S. C, 

Etiwan Phosphate Co Charleston, S. C. 

Ashepoo Phosphate Cp Charleston, 8. C. 

Stono Phosphate Co Charleston, "S. C, 

Imperial Fertilizer Co Charleston, S. C. 

Mead Phosphate Co Charleston, 8. C, 

Royal Fertilizer Co Charleston, B. C. 

Chicora Fertilizer Co Charleston, 8, C 

■Wilcox & Gibbes Fertilizer Co Charleston, 8. C. 

Globe Phosphate Co Columbia, 8. C. 

Columbia Phosphate Co Columbia, 8. C. 

Greenville Fertilizer Co Greenville, S. C. 

The combined total output of superphosphates by these com- 
panies for the present year is estimated at about 400,000 tons,. 
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AsBuming this quantity to require in round numbers •200,000 tons 
<if raw phosphate, and further aisBuniing thai the output of the 
latter will this year allaiii our estimated figure of 050,000 tons, as 
we helieve it will, there remains an available surplus over local re- 
x^uirements of 450,000 tons of phosphate of lime. Of this quantity 
about one-half may go to Great Britain and Germany and the 
lialance will go coastwise to Richmond, Baltimure, Philadelphia 
And New York. 

There can be no doubt that, as we have already remarked, 
South Carolina rock must be regarded as a raw material of the 
first class in the manufaoture of soluble and available phosphates, 
.and that, as such, it is and will continue to be everywhere held in 
the highest esteem. In Europe it is generally used in combination 
with Belgian cretaceous phosphates and very high-grade Canadian 
apatites, and in this way yields results that cannot he surpassed by 
any other material as an all-round staple, imiform and reliable 
.article. 

If we were asked to express an opinion in an off-hand way as 
to the prohahle extent and capacity of the yet untouched or unex- 
ploited deposits, we should hesitate to give any decided answer be- 
cause of the lack of sufficient data or i-eliable figures. From in- 
formation which we have been able to gather, however, from sour- 
ces in which we have every reason to place the fullest confidence, 
the explored but still unexploited area covered by land and river de- 
posits embraces an area of no less than thirty miles. RegaiMiingthis 
jis a mere approximation to the possible truth, we might venture. 

the same spirit of speculation, to place the yield of this area at 

present average of "50 tons to the acre. 

The conclusion drawn from these hypotheses would he that the 
|State may he relied npon to still produce about 14,000,000 tons, 
*nd allowing for a continued average production and sale of, say, 
£0,000 tons per mouth, either for local consumption or export trade, 
it would appear as if the mines would all be exhausted in ahout 
twenty-eight years from the present time. 

Whether the mining companies now in the field have or have 
not entertained this view of the matter, it is impossible to say, nor is 
it very material to the issue. The fact remains that the known avail- 
able and readily accessible deposits arc all appropriated, and that 
no falling off in the demand for the product has yet been traceable 
to the influence of any other source of supply. As lime rolls on, 
.local manufacturing requirements cannot fail to increase in large 
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proportions, and we regard it as even highly probable that at no 
distant date this source of consumption will absorb all that can be 
produced, and thus while the present profitable nature of the min- 
ing operations will be maintained, there will be no balance avail* 
able for other markets. 
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CHAPTER V. 

THE PHOSPHATE DEPOSITS OF FLORTOA. 

The existence of nodular amorphous phosphate deposits in 
Florida is not a matter of recent discovery, for they had been 
found in various directions many years ago, but were never believed 
to be of sufficient importance either in quantity or quality to merit 
the serious attention of capitalists. Like many other of our natural 
resources, therefore, they remained long dormant and unthought 
of. 

The first tentative mining operations were commenced in the 
year 1888 by The Arcadia Phosphate Company, on a very small 
scale, in Peace River, and they met with such marked encourage- 
ment that many who had hitherto remained sceptically watching 
their efforts came into the same field, and the year 1889 saw the 
Peace River Phosphate Company and the De Soto Phosphate Com* 
pany dredging the river with an expensive modern plant. 

The unostentatious and cautious manner in which these corpo- 
rations conducted their business for some time prevented their 
movements and successes from being noised abroad, but when the 
attention of those in the immediate locality could no longer be 
diverted from the facts, universal interest was aroused and pros- 
pectors went to work in all parts of the State. Discovery now fol- 
lowed discovery in rapid succession, and each new field was claimed 
to be of more value and importance than its predecessor. The 
land-owners became excited ; wealth " beyond the dreams of ava- 
rice " danced before their eyes and reposed under their feet. The 
local newspapers started a " boom " and all Florida was in the 
throep of a wildly exaggerated and feverishly speculative phosphate 
fever. Land^* which heretofore were valued at from $1.50 to $3 
per acre readily changed hands at $150 to $200 per acre, and many 
a " cracker homesteader " who went to bed a poor man woke up in 
the morning to find himself a capitalist. 

While, however, it is undoubtedly a very good thing to- have 
big phosphate mines, very little use can be made of them without 
the necessary means for their exploitation, and money is still a rare 
commodity in the South. It hence became necessary to offer to 
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Northern capitalists a ishare in the benefits of the di§corery, and 
this has led to the employment of iiiany expert chemists and min- 
ing engineers. As one of the first of these to be called into the 
field, we have had occasion during the last two years to traverse 
every county on the Gulf of Mexico, from Tallahassee to Fanta 
Gorda, and the first difliculty that confronted ua in our hunt for 
the phosphate treasure waa the total absence of a correct topo- 
graphical or geological chart of the State. 

It had always been customary, so far as we can remember, to 
speak and think of Florida as a combination of imjwBsible sand- 
banks and uninhabitable tropical swamps, and apart trom the few 
adventurous " Yankees " who ha<l " gone in " for orange cultui 
one seemed to manifest any inteicst in its desti(iy and nothing 
seemed more mnieeessary than a prolonged visit from the officers 
of the Geological Survey. Nothing had therefore been attempted 
r l)y that body, and the only important scientific data to which we 
could turn were the old notes of Le Conte and Agassis and the 
more recent paper which Piofessor Eugene A. Smith published in 
the Anierican Jovmal of Science in 1881. At the present mo- 
ment the immense amount of capital promised to he involved in 
the development of Florida phosphates has awakened the govern- 
ment to the necessity for action, and several of its well -organized 
survey parties are in the field doing solid work that will eventually 
clear np many points now plunged in obscurity. 

The official public reports of these arduous investigations must, 
however, naturally take a considerable time, and we are thus 1 
to hope that a brief resume of the rcMults of our own examinations 
will be acceptable, and assist in clearing away from the paths o£ « 
others some of the embari'assing obstacles which we hare had to 
encounter. 

The topographical aspect of Florida is that of a very low-lying 
and gently undulating peninsula ; its highest point being no more 
than 250 feet and the average height about 80 feet above the 
level of the sea. 

The elevated points or ridges are composed entirely of sand 
and are covered with a very luxuriant growth of tall pines. Th« 
-depressions or valleys, especially when situated along the coast, 
are composed of a mixture of calcareous marls and sand, from which 
outcrop, at irregular and frequent intervals, large and small bowl- 
ders of limestones, sandstones and phosphate rock. These valleys 
are principally known in the country as "hommock land," and a 
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said to be very fertile. When uncultivated, however, they are 
covered with a dense wild growth of vegetation characteristic of 
the swamp. 

W'ithout pausing to consider the climatic conditions, which are 
sufficiently well known and w^hich, besides, are outside the scope 
of our work, and passing at once to the prominent geological as- 
pects, we may say that the entire State of Florida appears to us to 
be underlaid, at greatly varying depths, with upper eocene lime- 
stoae rock, and that its first emergence must, in our opinion, be 
consequently dated from that period. We have based this opinion 
on tine careful examination of many artesian wells that have been 
practised in several directions, and it is well sustained by the one 
at Lake Worth, which was completed in June, 1890, and of which 
the following detailed particulars have been published by Mr. K. 
H. Darton, of the United States Geological Survey : 

0-400 feet. Sands with thin layers of semi-vitrified sand at 50 and 

60 feet. 

400-800 " Very fine-grained soft, greenish-gray quartz sand, con- 
taining occasional foraminifera and water-worn shell 
fragments. 

800-850 •* No sample. 

650-860 " White sands, with abundant foraminifera of four or five 

species. 

860-904 " No sample. 

904-915 " Gray sands containing sharks' teeth, small water-worn 

shell and bone fragments, sea-urchin spines and lithi- 
fied sand fragments. 

915-1000 " No sample. 
1000-1213 ** Samples at frequent intervals. Vicksburg limestone, 

containing orbitoides in abundance throughout, to- 
gether with occasional undeterminable fragments of 
molluscan casts, corals and echinoderms. It is a 
creamy-white, hard, homogeneous limestone through- 
out. 

Kor do we rely upon the artesian wells alone, for the Vicks- 
burg limestone also appears as an outcrop at the surface in many 
localities, and has been specially noticed in Wakulla and Franklin 
counties, west of Tallahassee, in Marion and Citrus counties, in 
Tampa Bay, and on the banks of the Manatee and Caloosahatchee 
rivers. 

In the opinion of Mr. N. H. Darton, above mentioned, the phos- 
phates of Florida belong to three formations, distinctly separate 
etratigraphically, and each represents a long interval of geologic 



68 The Phosphates of America. 

time. The rock phosphates appear to be the deeply eroded p 
nantfl of the phosphatized surface of the niuhile tertiary limeBtone; 
the conglomerate ilepositH overlie these limestones iinoonformably, 
and in the Uainesvilie region, at least, appear to be miocene in 
age, and the river drift deposits are appareutly eutirely Biibsequent 
to the great mautle of pleistocene white and gray sands which 
covers the entire penineula to a greater or le^H depth. 

Excepting in its light color the rock phosphate is a phyaioal 
counterpart of the brown limonito iron ores of the Appalachian 
limestone valleys, and the dejTOBits have very similar structural 
relations. In a number of localities the massive phosphate grad- 
uates into the limestone, usually by t'hort transitional, and many 
areas have been discovered in the phosphate belt and under th« 
conglomerate in the Bartow region where the limestone is only par- 
tially phosphatised. In the mines at Duiiellon the massive phoa* 
phate is apparently continuous with the limestones, but there aM 
occasional casts and impressions of the middle tertiary moUiuolk 
undoubtedly lying as they were originally depositwl. Mr. Darton 
further says that the origin of the phosphate of lime is not defi-* 
nitely known, but that it seems exceedingly probable that guano wai 
the original source, and that the genesis of the deposits is similal! 
to that of the phosphates in some of the West Indies. Two fffos 

cesses of deposition have taken place, one the more or less complert 

replacement of the carbonate of lime by phosphate of lime, and the 
other a general stalactitio coating on the massive phosphates, its. 
cavities, etc. 

The apparent restriction of the rock -phosphate deposits to th* 
western " ridge " of Florida may have some special bearing on their' 
genesis, but at present no definite relationship is perceived. The 
aggregate amount of phosphate rock distributed in fragmentary 
condition in the various subsequent formations is very great, greater 
by far than the amount remaining in its original position, and it ift 
possible that the area at one time included the greater part, if not' 
all, of the higher portions of the State. As this region apparently 
constituted a long, narrow peninsula or archipelago during earljp 
miocene times, it ia a reasonable tentative hypothesis that durii^ 
this period guanos were deposited from which was derived the mof 
terial for the phosphatization of the limestone, either at the same 
time or Soon after. 

Mr. Walter B. Davidson, A.R.S.M., writing in the Engineering; 
and Mininij Jovrnal on the probable origin of these phosphate^ 
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suggests that at the close of the ceuozoic ]«iiod the waters of 
tLe ocean were probably more phosphatic than they are now. 

In these shallow waiin seas there lived myriads of Rhell-fish, 
many secreting phosphate as well as carbonate of lime, as is shown 
by the analysis of a shell of lingula ovalis quoted by Dana as con- 
taining 85,79 per cent, of phosphate of lime. Although no donbt 
much of this phosphate was acquired by accretion at a subsequent 
period, the flsh-BhelU of these geological epochs were undoubtedly 
more phosphatic than those of the present era. Fishes of all 
kinds teemed in these waters, died, and their bones, while mostly 
disappearing, served to increase the amount of phosphate of lime 
in the limestone. 

Gradually the shores emerged from the seas, and even while 
Iheyrose came the great geologic era of semi-reoent geology — the 
glacial epoch. 

The cold of this epoch, as we know, drove all and every living 
creature which conld travel southward, always sotithwai-d. The 
Kti-ongest survived the longest. Some sought the swamps and warm 
estuaries of the Carolinas, but numbers were pushed to the south- 
em limit, and the great mammal horde of the tertiary e(X)ch flocked 
to the swamps and estuaries of Florida. There they died — some 
from want of food, some killed by the strongest, some drowned, 
some of natural death, but most from the terrible cold wave. The 
bones of these animals lay there in myriads ; some were preserved, 
some rotted. 

At this time also the shallow sea was swarming with sharks, 
manatee, whales and other denizens of tropic waters, many of them 
also driven south by the change in the temperature in the northern 
latitudes; and their bones and teeth added to the "Valley of 
Bones" which we now find along this sonthern shore. 

Then came the swing of the thermometric pendulum, and the 
Champlain period was an era of melting of glaciers and of ice, 
when most American rivers were tifty times the size they are to- 
day, and after that, man first left records of his sojourn here. 

The Champlain floods were not so severe in their action in the 
South as in the North, but no doubt it was during this period 
that the Peace River pebble-formation and the soft-i-ock phos- 
phates were largely deposited. 

While these quaternary changes were taking place, Florida was- 
Btill slowly but surely rising, and denudation began. Then once 
more the slightly elevated peninsula gradually sank under sea- 
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1pv*I, and it was *:<t\ i-rwl liy Hiic-<-fssivf ilei>o«ii 
olavH, the hcarh being the ivd clays "f nurlhei 
crn (Jeorgia. 

Bffore this tnnk jilacp. however, au ewinomic ohange hearing 
ihift Bubjeot had ui-i-urred. In many plac«8 ihe limestone, then the 
dry land, had been teaehed by the rain-water even as chalk to-day 
can be leached, and is leached, by water containing more or Ie«s 
carbonic acid. The highly j>h(iii{thalic limestone wati denuded and 
dissolved, the biuarbonale of lime carried away in ttolution and the 
more InKoluble phosphate in suspension. In the milter waters of 
the estuaries and in the wider river beds (the river ha<l the same 
course as now, broadly »'|H>aking) the phosphate of lime in suspeit- 
aion was deposited as an alluvial fiecx>ndary deposit. This wi 
mixed, of conrse, in many places with lime, sand and clay broughl 
down by the satiie waters. 

While all this was in action, above the limestone were the bonea 
of the various beasts and fishes killed by the awful cold and by 
overcrowding. Some of these bones helped by their decomposition 
to add to the phosphate of lime present in the underlying strata, 
and some were pseudoraorphed into fossils of phosphate of lime, 
just as we find them to-day in vast quantities ; some were washed 
down and were deposited with the phosphatic mud, and some are 
still hi »itu in the clay overlying the limestone or mixed with the 
shell reefs and beaches. 

Our own conclusiouM took precedence of both these opinions, and 
were published in the Etigineeriyiff and Mmiiii; Journal of Aagast 
23, 1890. We then argued and still believe that during the miocene 
submergence there was deposited upon the upper eocene limestones, 
more especially in the cracks or fissures resulting from their drying 
up, a soft, finely disintegrated calcareous sediment or mud- 

Tbe gradual evaporation of these miocene waters brought about 
the formation, principally in the neighborhood of the rock cavities 
and fissures, of large and small estuaries. These estuaries were re- 
plete, swarming with life and vegetable matter — fish, moUuacB, rep- 
tiles and marine plants. They were, besides, heavily charged with 
gases and acids, and their continuous concentration ultimately in- 
duced a multiplicity of readily conceivable processes of decompo- 
sition and final metamorphism. 

In our opinion they constitute the origin of our Florida phoB~ 
]>hate of lime, and disregarding all other hypotheses, we consider 
that we are practically contemplating- 
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1. A foundation iif upper eouene limestone rocks very niueL 
cracked up and fissuied, tile cracks having a general trend north- 
t-ast and south west. 

, 2, In-egiilar beda, pockets or banks of miocene deposits, dried 
auil hardened by exposure, and alternately calcareous, sandy or 
niarly ; generally phiisphatic, and Hometimcs entirely made up of 
decomposed organic debris, the phosphoric acid being combined 
with various bases (lime, magnesia, iron, alumina, etc.). 

After the disappearance of the miocene sea there came some 
gigantic disturbances of the strata. There were upheavals and ile- 
pressions. The underlying limestones were probably again split 
tip, and the miocene deposit was broken and hurled from the sui'- 
face into yawning gaps and from one fissure to another. 

Now came ibe pliocene periods, or end of the tertiary, and then 
the seas of quaternary age, with their deposits and drifls of shells, 
sands, clays, maris, bowlders and other ti'ansported materials, and 
the accompanying alternate or concurrent infiuenees of cold, heat 
and pressure. 

If we lake the whole of these phenomena broadly into consider- 
ation, we must be led to conclude that those portions of the phos- 
phatic miocene crust which did not fall into pei-manent limestone 
fissures or caverns at the time of the disturbance of the strata, be- 
came at length very thoroughly broken up and disintegrated. They 
were rolled about and intermixed with sand, clay and marls, and 
wer« deposited with them in various mounds or depressions in con- 
formity with the violence of the waters, or with the uneven struct- 
ure of the surface to which Ihcy were transported. 

Occasionally this drifting mass found its way into very low- 
lying [wrtions of the country, say into those regions where consider, 
able depression was brought about by the sinking and settling of 
the recently disturbed mass. At other limes it was rolled to and 
deposited on slightly higher points. In the firet of these cases we 
tintl a vast and complete agglomeration, comparable to an immense ■ 
pocket, of broken-up phosphate rock, finely divided phosphate dibrif, 
sands, clays and marls, all heterogeneously mixed in together. In 
the second case we find the phosphate in large bowlders, sometimes , 
weighing several tons, and intermixed with but relatively small 
pi-oportions of any foreign substances. 

Considering these phenomena, we reach the conclusion that the 
features in the Florida deposils of phosphate to be most particu- 
larly emphasized, are that the formation consists essentially of — 
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1. Origrnal pockets or oavities in the liineBtono filled with hard 
and soft rock phosphates and dihrie. 

1. Mounds oi- beiiulies, rolled np iin the elevated points, and 
chiefly consisting of huge bowlders of phosphate rock. 

S. Drift or disintegrated rock, covering immense areas, chiefly 
in Polk and Hillsboro counties, and underlying Peace River and 
its tributaries. 

As we have already remarked, the work of exploration or pros- 
jiecting has now extended all over the State in each of these vari- 
eties of the formation ; actual exploitation on the large sc&le by 
regular mining and hydraulic methods hai^ also been commenced 
at various pointH ; and we have been able to make a very careful 
study of the workings on several ocoasions, with the result that the 
theories we first formulated have been in every way confirmed. 

In several of the mines, notably in those of Marion and Ci- 
trus counties, there are immense deposits of phosphatic material, 
proved, by actual ex]>erimental work, to extend in many cases over 
uninterrupted areas of several acres. The deposits in each case have 
shown themselves to be combinations of the "original pocket" and 
the " mound " formation, and the superincumbent material, or over- 
burden, is principally sand, and may be fairly said to have an aver- 
age depth of about 10 feet. The phosphate immediately under- 
lying it is sometimes in the form of enormoua bowlders of hard 
rock, cemented together with clay, and sonietimes in the form of a 
white plastic or friable mass resembling kaolin, and probably pro- 
duced by the natural disintegration of the hard rock hy rolling, 
attrition or concussion. The actual thickness of the deposits is 
too variable to be computed with any accuracy into an average, 
but in one case which specially interested us, the depth is 50 feet, 
and only a little over two acres of the land have already yielded 
more than 20,000 tons of good ore, without signs of exhaustion. 

Directly outside the limits of these combined "pockety" and 
" mound " formations the deposits of phosphate seem lo abruptly 
terminate, and to give ]ilace to an uuimi)ortant drift, which some- 
times crops out at the surface, and which may he followed in all 
directions over the immediate vicinity without leading to anotber 
pocket of exploitable value. 

Since the same geological phenomena are prevalent in nearly 
every section of the country, with the exceptions of Polk and 
Hillsboro counties, where they are somewhat modified, we consider 
ourselves, in view of these facts, warranted in declaring that the 
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Florida phosphates of high grade occur in beds of an essentially 
pockety, extremely capricious, uneven and deceptive nature. 

Sometimes the pockets will develop into enormous and deep 
quarries, and probably yield fabulous quantities of various mer- 
chantable qualities. At other times they will be entirely super- 
ficial, or will contain the phosphate in such a mixed condition as 
to render profitable exploitation impossible. 

An excellent, and indeed typical, example of this superficiality 
is afforded by one of our recent examinations, in which the geo- 
logical conditions did not differ in any essential particular from 
those described. The area investigated may be thus represented : 





5120 acres of land. 




A 


B 


C 


D 


E 


F 


G 


H 



Each division representing 640 acres. 

Very fine phosphate indications were scattered more or less all 
over this tract, sometimes in the form of big bowlders outcropping 
at the surface, sometimes in the form of small debris^ brought up 
from below by the mole or the gopher. • A local " expert " had es- 
timated that it contained millions of tons, and our own first im- 
pressions of it were of the highly sanguine order. A systematic 
exploration was, however, at once instituted and carried out ; 
first by boring all over the tract with a twenty-foot auger, and 
then by sinking confirmatory pits at short intervals to a depth of 
15 to 20 feet, according to the plan described in the chapter on 
South Carolina. 

The result of our work was extremely disappointing, and may 
be briefly summarized thus : 

A. — No phosphate in workable quantities. 

B. — ^A small basin or pocket of good phosphate, covering an area of 
about 15 acres. 

C. — ^No phosphate in workable quantities. 

D. — ^No phosphate in workable quantities. 

E. — Large quantities on surface, leading to a very large pocket, cover- 
ing about 35 acres. Very much mixed-up material, principally 
phosphate of low grade. 

F. — No phosphate in workable quantities. 
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Q, — No frfioopliatv in workable quantitt^a. 

H. — Thr hi^heat point in the Iruct — vpry denseljf grown, big- bowUm 
of phoHphalc ftnd mnily congltntiemte on surfaccb Flfteea 
itniall pockets of [ituMpluitc, ending in (tawMtoiM <U a depth 
0/ thirltm ftel. 

The total acrcngp ovt'ivd by ttiese widely »c«ltcrp<I 
DKPostTB vas set down at xicitTV-TiiRKB ackik, atiil ihc 
qtiautiiy and tomiwsitioii of the iihorphate itself, as shown 
tlie pits dug and by the material extracted from ihem, were 
limalL-d after cx|ierimetit to be an follows : 



1 QLASTITV OP PHO&PIIATK BED. 

Bowlder materia), lar^ uiid small, attvr 

ai^Kealog 13 percent, of tfaen 

Dibrit anJ whitish phosphate, soft and 

plastic 38 

Sand, clay, Hints and waste 56 " " " 

100 

ATKRAOS ANALYTICAL %-Al.UE OF THE PBOSPHATSS (AFTER SlTN-IIRTtNO^ 
Bu'ddai. DebrU. rt, 

Phoaphoric anhydride (P.O.) 37.00 30.00 

Oxides ol iron and alumina (clay) 4.33 7.50 

After tbitt analysis of the bowlder material had been made, t! 
remaining lumps were all broken up with a hammer into 
averaging Ij inches in sia.- and very carefully washed, with 
fltant shaking on a fourteen -mesh screen held under a stream 
water. After being thoroughly dried in the sun, the washed 
terial wais put through a hand-crusher, then ground to the finene 
of seventy-mesh, and submitted to analysis. The results, whii 
have a most important bearing on the vexed question as to the for 
of combination in which the iron and alumina of these pboephi 
chiefly occur, were in this case as follows : 



The thickness of the phosphate bed varied in different plao 
from 3^ to 27 feet, but was found to have an average of aboBt 
feet. Assuming that this thickness would yield, say, 5000 tons 1 
the acre (a conservative computation), we reach a probable total i 
416,000 tons for the entire tract, of which, according to the 
menlB summarized above, about fifty-Jive tlioumnd Urns might 1 
high-grade "bowlder," containing, say, eighty per cent, of boi 
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phosphate, and about one hundred and twenty-five thousand ions 
debris and seconds, containing from sixty to sixty-five per cent, 
of bone phosphate. 

The capriciousness exhibited in this iniftance is not at ail ex- 
ceptional or singular, but has been confirmed in several'others, and 
it is not quoted in any deprecatory sense, but as an example of the 
necessity for exercising unusual care and discretion when .naking 
expert examinations. 

In the case of the " pebble " or " drift " deposits this caution 
needsTipt perhaps to be so extremely precise, for, as we have already 
stated, these are marked by unusual regularity in the chief centres 
of their occurrence. The extensive area in which they have been 
found may be roughly said to take its point of departure in Polk 
County, a little to the south of Bartow, and thence, with a gradually 
narrowing tendency, to practically continue to within a very short 
range of Charlotte Harbor. 

As will be seen from the map, the country is very flat and 
swampy ; is intersected at frequent intervals by the Aiafia, Mana- 
tee, Peace and other rivers, and by numerous small rivulets and 
streams. 

Pit-sinking and boring is now going on over an area of many 
hundreds of miles, and so far as we have been able to ascertain, the 
prospectors have succeeded in demonstrating that this section of 
Florida is mrtually underlaid with a nodular phof^phate stratum 
of a thickness varying from a few inches to thirty feet^ and covered 
by an overburden that may be fairly averaged at about eight feet. 

The actual chief working centre for " pebble " phosphates is 
Peace River, which rises in the high lake lands of Polk County 
and flows rapidly southward into the Gulf of Mexico. Its course 
is extremely irregular, and its bottom is a constant succession of 
shallows and deep basins. 

Lakes Tsala-Opopka and Chillicohatchee and Pains and Whid- 
den creeks are its chief tributaries and the main sources of its phos- 
phate deposits ; the pebbles being washed out from their banks 
and borne along their beds by the torrential summer rains. 

The exploitation of the pebbles is performed, as illustrated, by 
means of a ten -inch centrifugal steam suction pump placed upon a 
barge. The pipe of the pump, having been adjusted by ropes and 
pulleys, is plunged ahead from tlie deck into the water. The mix- 
ture of sand and phosphate sucked up by it is brought into revolving 
screens of varying degrees of fineness, whence the sand is washed 
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back into the river. The cleaned pebbles are discharged from the 
screens into scows, at the rate of about twelve tons per hour, and 
are floated down to the " works," where they are taken up by an 
•elevator to a drying-room and dried by hot air, screened once more, 
and are then ready for market. The total cost of raising, washing, 
drying, screening and loading on the cars in execution of orders, 
is variously estimated at from 50 cents to $2 per ton ; but from 
special information recently afforded to us by one of the largest 
operators we are enabled to place it at $1.40, and this, to the best 
of our knowledge and belief, is the lowest yet recorded in the 
world's history of phosphate-mining 

The pebbles, when freed from impurities and dried, are of a 
dark blue color, and are hard and smooth, varying in size from a 
grain of rice to about one inch in diameter. Their origin is proved 
by the microscope to be entirely organic, and they are intimately 
mixed up with the bones and teeth of numerous extinct species of 
animals, birds and fish. 

There can be no doubt that these river deposits all proceed 
from the banks of " drift " situated on the higher lands in Polk 
County, and as a proof of it, if we take Lakeland and Bartow as 
the centre of these "drift" beds, we shall find that the "pebbles" 
are all of the same size, and only differ in that they are of a lighter 
color than those of the river, and that they are imbedded in a 
matrix of sand and clay, to which they frequently bear the propor- 
tion of about twenty per cent, by weight. 

Their separation from this matrix by most of the companies 
now working is effected in a very crude manner and on a great 
variety of plans. One of the largest concerns in Polk County em- 
ploys a floating dipper dredge, the use of which, it claims, is natu- 
rally indicated by the fact that in this very low-lying section of 
the State, water springs a few feet below the soil, and thus enables 
the dredge to work in a canal which it deepens and extends as it 
removes the material. The entire mass, matrix and all, is brought 
up to the surface by the dredge and dropped into a species of dis- 
integrator or crusher. Thence it passes on into a revolving washer 
mounted on the same barge. From the washer, the matrix and 
water return to the canal, while the clean nodules are carried by 
a spiral conveyer to a steam-heated dryer on another barge ; from 
the dryer they fall into a revolving screen, which removes any 
remaining particles of adhering sand, and the now marketable 
phosphate is caught up by elevators and delivered on board rail- 
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ara standing on a track parallel with the canal. We have 
iiformed that the actual capacity of this plant is 300 tons a 
Slay, and that a cav-load of twenty tons can be raised, waHhed, 
4ned and loaded by it for market in forty minutes at uo greater 
cost than that of the river pebbles. We have, however, coiisidered 
it necessary to accept this statement with due reserve. 

The custom so long prevalent in South Cai'olina of imposing a 
royalty upon all phosphates removed from navigable rivers or 
streams has redounded so much to the profit of that State that the 
Florida authorities have decided to avail themselves of a similar 
method of taxation in order to swell their meagre revenues. A 
law regulating this kind of mining was accordingly recently passed 
"by the Legislature and has now been signed by the Governor. 

Under its provisions the Goveraor, Comptroller and Attorney- 
-Generalave constituted a board of phosphate commissioners, which 
board shall have the management and control of all phosphates in 
the navigable waters of the State. The board will appoint a phos- 
phate inspector at a salary not to exceed $1,600 per annum, who 
will act as its executive officer. 

On all the phosphates taken from navigable waters within the 
application of the law a royalty of 50 cents per ton will be col- 
lected when the phosphatic material analyzes "fifty per cent, or 
less, and uot to exceed lifty-fiveper cent., bone phosphate of lime ;" 
75 cents per ton for " material analyzing over fifty-five per cent. 
and not exceeding sixty per cent.," and " $1 per ton for every ton 
of phosphate rock, etc., analyzing in excess of sixty per cent, bone 
phosphate of lime." 

Account is to be rendered to the board of commissioners and 
payment of royalty made to the State quarterly. 

The State grants the right to persons, either natural or corpo- 
rate, to mine the navigable waters of the State within certain well- 
defined limits, in no case to exceed ten miles by course of stream, 
for a period not to exceed five years, preference being given, how- 
ever, to riparian owners and to those who have commenced to 
mine in good faith before the passage of the act. 

The bill further enacts that no person or persons shall be per- 
mitted to mine tho bed of any navigable water of the State until 
he or they shall have first tiled with the board of phosphate com- 
missiooers a bond, with good and sufficient sureties to be approved 
liy the hoard and in such siim as the board shall deem proper. 
^lining must begin within six months from date of contract and 
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oontiiiue to Die full ti-rm uf thi- coDtraci, UiiIosh tin- pliimphatem 
phuHpbntic iU'{i<jmt W [irvvtonHty exliauatul. 

T)i(! jiasitagc' uf ibk law bax, of c<>ur»e, elicited a great deal nl 
opponitiiiii, and will uiiduii1)U-illr lead In litigation l>o 
Statv nnii many «f tlm C(iiTi|ianiL-ti wliieh claim vestod rightH iu ihc 
river drpOBitB. A ciHiaidcrabluniitnlmrdf these companies are, how- 
ever, iinnflrt^ted Ity its pniviHionswhitthduiiot apply ill cases of nan- 
gable B(reainHnr)>iirtB thereof that are not meandered, and then 
ertihi|) of the lands embracing which, is vested in a legal parchMer. 

With the eitreraely low cost of production of the " pebblo " ma- 
turial, however, it is hardly conceivable that so trifling a tax a 
that impoBeil by the new law can be regarded as a burden, or that 
it will have the least injurious effect npnii the progress anil profitft' 
of llio industry. Nor will the present trouble Ijelween ttie Coosaw 
Mining Company and the State of South Carolina fail to facilitate 
and hasten the introduction of the new material, and when once 
this introduction has been thoroughly and favorahly seeured, it 
will soon win for itself the good opinion of European as well as 
of domestic superphosphate mauiifaetitrevs. 

The chemical composition of Florida piiosphates, and mora- 
especially of those known as " hard rock " or " bowlder," is far 
from being constant or reliable, as would be naturally anticipated 
in such an irregular and varied formation as we have attempted 
to describe. Nor is it more uniform in its physical aspect, for* 
while in some regions it is perfectly white, iu others it is blue, yel- 
low or brown. In many instauees it is practically free from irott* 
and alumina, but in not a few districts it is heavily loaded witiii 
these commercially objectionable constituents. A large proportion^ 
of the land rock is very soft when damp, but becomes so hardi 
when dried that it has long been UHed by the natives, ignorant of- 
its other values, as a foundation or building stone. 

For the purposes of general illustration we present the follow- 
ing averages, selected from the results of several hundreds of oar 
complete analyses, made either in Florida or New York. Thaj 
samples, in every case, were taken from exploratory pits in differ^ 
ent counties, and were marked before leaving the ground with ftiU; 
details of their origin. We have classed them as — 

1. Bowlders of hard-i-oek phosphate, or cleaned high-grade ma* 
terial. 

2, Bowlders and debrU, or unselected material, merely 
from dirt. 
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t white phoBphatf, in wiiitili no bowliiers are found. 
4. Pebble pboaphate from Peace. River as sent to market, 
fi. Pebble phosphate from Polk County drift beds, waslied a 
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CAR- 
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Bowlders (carefully aelet-ted, 130 samples). , . 


80.49 
74.90 
05.15 
61.75 
67.25 


2.25 

4.19 

3.90 
3.00 


4.20 
9.35 
5.47 
14.20 
10.40 


2.10 
1.90 
4.27 
3.60 
1.70 




Pebble [roni Poace River (84 sampl.a) 

Pebble from drifl-beds, Polk Co. (93 samples) . 



In working or quarrying the "hard-rock" or "high-grade 
bowlder" deposits, the details of most importcuce are the careful 
selection by conscientioua ami capable superintendente of the dif- 
ferent qualities, and the accurate sampling and analyues of the 
different piles befoi-e shipment. There is at present a leas remuner- 
ative market in this country than in Europe for the richest grades, 
and it is therefore probable that for some time to come the entire 
produution of hard rock will be exported. As w'e have already 
said and isball more fully explain later on, the majority of foreign 
manufacturers will make no contracts for a raw material whicli 
coDtaitis a higher maximum than three per cent, of oxides of iron 
and alumina. To make r;hipmentH within this limit muHt conse- 
quently be the aim of the miners who would establish a good rep- 
utation, and nothing but experience in actual work, harmonioiialy 
conducted between the mine and the laborator;/, can be relied upon 
in the gi-eat majority of oases to accomplish it. To ourselves this 
matter has been a source of constant preoccupation, and in the 
mines with which we are professionally connected we have now 
succeeded in reducing objectionable constituents to a minimum by 
adopting the following general scheme of work : 

The pockets are located by boring and by confirmatory pits, and 
the results of these operations are daily transferred to a map. The 
pits are carefully sampled, foot by foot, as they go down, and the 
various qualities of "bowlder," "soft white," "gravel," etc., are 
sent to the laboratory with ample details of their origin. The re- 
sults of the analyses are daily placed upon the map, side by side 
with the other details of the survey. 
K We thus finally acquire a geological and chemical map of our 
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property, can form an approximatGly correct idea of the quantity 
and the quality of material at our command, and can decide willi' 
intelligence upon the best points at which to commence industrial 
operations on the desired scale. 

Our plant is so constructed as to enable us to crush the whole 
of our rock material to a suitable size, say, 1^-inch ; to pass onr en- 
tire output through washers and screens similar to those we have 
described in the chapter on South Carolina ; and to finally dry it 
by hot air, avoiding direct contact wJtli lire. The cost of produc- 
ing one ton of clean phosphate rock under these conditions, as 
shown by our practical working experience, averages about $5, and 
from the fact that the method was based upon and hati fully justified 
the results of a very lengthy series of laboratory experiment^ we 
are enabled to claim for it — 

1. That, the product being reduced to a uniform size^ 
the difficulties hitherto experienced in ohtaiuiog fair and con- 
cordant samples on shipment and arrival are materially less- 
ened, if not entirely obviated. 

2. That the objectionable iron and alumina, being nearly 
always present in the original sample in the form of clay 
which is held and secreted in the interstices or cracks of the- 
rock, are nearly all removed by the water and the agitation, 
during the washing process. 

On somewhat similar lines to these, a very ingenious and prac- 
tical as well as economical method of mining and preparing the 
land-rock phosphates is that devised by the Jeffrey Manufacturing 
Company, of Columbus, Ohio, and now being used by some of the 
larger companies. The rock is hoisted from the quarries by a der- 
rick, delivered to a crusher, and thence into a system of screens. 
The first is a dry screen, the second a washing screen and the- 
thii'd a finishing, or rinsing screen ; and the rock is delivered from 
one wet screen to the other by short elevators, and then taken from 
the last screen by slow-motion elevator, so as to drain off as much 
of the water as possible. It is then delivered at the top of a fur- 
nace having interlapping shelves, under which the flues conducting' 
the products of combustion to the stack are carried. While de- 
scending from one of these shelves to the other through the hopper- 
like aperture to the furnace, the rock is either heated to the neces- 
ary degree to. dry it, or, by a retaining device at the bottom, may 
be kept until thoroughly calcined, after which it is delivered hot 
to the foot of an elevator. The flue connecting with this elevator 
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and famace is arranged with three conduits, one for the smoke 
and heat, one for the buckets of the elevator, and one for the dry- 
air draught. The partition between the smoke and combustion 
flues and that of the elevator is thin iron after reaching the height 
of the brick-work. The buckets are constructed of screen wire, so 
that the escape of vapor from the heated rock is impeded as little 
as possible. The partition between the bucket-flue and the dry- 
air flue is perforated at intervals, so that the draught of dry air 
will produce the effect of drawing off the vapor from the bucket* 
of heated rock as they pass upward through the elevator-flue. The 
niovement of the elevator is so slow that about twenty minute* 
^rom the starting at the bottom, or boot end, are required to de- 
liver a bucket of phosphate -rock at the top ; after the delivery i& 
once commenced, however, it is continuous. At the top, the chain 
o^ buckets passes through a third, or drying-screen, which revolves 
^^ a square, heated chamber, shown in the illustration at the top of 
^'le dryer-frame. In passing through this dry screen, all the sand 
^^ material that is not rinsed or washed out of the interstices and 
***om the clay deposit of the rock, is knocked off in a separate par- 
*'^tiion of the hopper underneath the heated chamber. The phos- 
Plxate-rock is delivered, as shown in space broken away, to the 
PP®'^ just underneath the open end of the screen at the rear of 
*^c dryer, and is delivered, it will be observed, in chutes from this 
altitude to the storage-bins in the warehouse, or on board cars at a 
^^ilroad track, the buckets continuing their course down the in- 
clined flue to the boot, to receive the continuous flow of phosphate. 
^*^liere is a draught of hot, dry air thrown up this return flue, that 
^^^eets the phosphate being delivered from the dry screen, and 
^^rries off what remaining vapor there may be arising from the 
•"^ «ated rock through an opening into the stack above. 

The operation of this system of machinery is automatic after 
leaving the crusher, and every motion of the rock is in the direc- 
tion required to reach storage or shipment. The water supply at 
different mines, requiring different arrangements of pumping ma- 
chinery, the latter has not been included in our drawing. 

From the dry-screen, running back to the waste or culm pile, 

Inhere is a conveyor which relieves the dry-screen of the sand and 

^^aterial that would otherwise accumulate beneath it. Where the 

J)hosphate is found in a clay matrix, it is not practicable to use a 

^ry screen successfully; the latter is therefore in such cases elimi- 

liated, and a pug introduced in place of it, similar to the machine 
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^B used in washing lit'inatite ore 


a and pugging clay. To pre 


veut the ■ 


^H clay from l>allitig uji in tlie r 


volving screens, it is thoroughly so^t- 1 


^B en^d and diniiitpgrateil ; mid 


when this has been done it will easily 1 


^1 wash out of tlio jiliospbate, the succeeding stages of the 


process ■ 


^M Iteiiig tile same as in handling dry rock. 


1 


^1 With the mere addition o 


a dredging apparatus, this method of ■ 


H exploitation is equally applioable to Ibe "pebble" and river-de- | 


^K positM, the process of drying 


elevating and storing being quite aa | 


^r economical and efficient aa in 


the case of the hard rock. 


■ 


Our opening remarks o 


1 the speculative character 


of the I 


" boom " are justified by the 


following partial list of the 


mining ■ 


companies formed in Florida 


for various purposes within the past 1 


two years : 




1 


Fame. 


Addrf»,. 


Ci-j..(al. I 


Arcadia Phosphate Co 


.. De Soto Coimlv: office. Sa- 
vanaali,Ga 


1 




.. De8otoCounty,APcadia,Fla., 






principal office, New York.. 


(300.000 


De Boto Phosphate Co 


. . Zolfo, De Soto County ; of- 






fice, Atlanta, Oa 


250,000 




.. Liverpool, De Soto County.. 


840,000 


Charlottu Harbor Phosphute Co 


. . Foi-t Ogden, De Soto County. 




Boca Grando Phosphate Co 


.- De Soto County; deposit 
worked on Caloosabachie 






River 


250,000 




. . Fort Myers. Lee County ; de- 
posit on Caloosahachie Riv- 


2G0,O0O 




er. 






. , Fort Meade, Po k County 


60,000 


Homeland Pebble Phosphate Co 


.. Homeland, Polk County 


100,000 


Homeland Mining and Land Co 


. Homeland, Polk County 


120,000 




.. ClayCounty 


300,000 


Pharr Phosphate Co 


. . Bartow, Polk County 




Jackson and Peace River Phos- 




phate Co 


, . Apopka, De Soto County .... 


1,000,000 


Tumpa Phosphate Co 


.. Tampa, Hillsboro County.. . 


25,000 


Prospect Phosphate Co 


. . Dunnellon, Marion Comity . . 




E. C. Evana Mining Co 


.. Dunnellon, Marion County... 




Glenn Alice Phosphate Co 


. . Bay Hill, Sumpter County.. . 






.. Dunnellon,Marion County... 


l,2S0,00O 


Sterling Phosphate Co 


. . Hernando County 


a,ooo,o(«> 


Withlacoochee Eiver Phosphate 




Co 


.. Ponasofkee, Marion County... 


400,000 


The Early Bird Phosphate Co. . 


.. Marion County 


500.000 


The New York Phospliate Co . . . 


. . Marion County 


4,000,000 
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Kame. Addresa. Capital, 

The Eagle Phosphate Ck> Marion County 3,000,000 

The Florida Phosphate Co., Lim- 
ited Phosphoria, Polk County 1,000,000 

Whittaker Phosphate and Ferti- 
lizer Co Homeland, Polk County 500,000 

Vir^nia-Florida Phosphate Co. . . . Fort Meade, Polk County 120,000 

The Qulf Phosphate Mining and 

Manufacturing Co Liverpool, De Soto County. . 240,000 

TThe Terraceia Phosphate Co Works in Manatee and Polk 

counties 1,000,000 

The Lay Phosphate Co Bartow 575,000 

The Moore & Tatum Phosphate Co.. Bartow, Polk County 100,000 

The Cove Bend Land Phosphate 

Co.. Tompkinsville, Citrus County 200,000 

Albion Phosphate Mining and 

Chemical Co Baltimore, Md 500,000 

Belleview Phosphate Co Jacksonville 600,000 

The Florida Rock Phosphate Co. . . Citrus County 135,000 

Alachua Phosphate Co Gainesville 300,000 

Alafia River Phosphate Associa- 
tion Bartow 100,000 

Alafia River Phosphate Co Bartow 1,000,000 

Alafia Phosphate Co Jacksonville 35,000 

Albion Phosphate Co Gainesville 300,000 

Albion Mining and Mfg. Co Gainesville 300,000 

American Mining and Imp't Co . . . Bartow 1,200,000 

Anglo-American Phosphate Co Ocala 400,000 

Archer Phosphate Co Gainesville 100,000 

Atlantic and Gulf Phosphate Co. . . Bartow, Fla., and Charleston, 

S. C 10,000 

Berkley Phosphate Co Bartow 40,000 

Farmers' Co-operative Mfg. Co. of 

Georgia 200, 000 

Florida Blue Rock Phosphate Co. . Bowling Green 150,000 

Florida Phosphate and Fertilizer 

Co Tallahassee 100,000 

Florida Phosphate Co Ocala 210,000 

Guinesville Phosphate Co Gainesville 50,000 

Globe Phosphate Mining and Mfg. 

Co Ocala 2,000,000 

Great Southern Phosphate Co 30,000 

Ichetucknee Phosphate Co Jacksonville 30,000 

Jacksonville and Santa Fe Phos- 
phate Co 500,000 

La Fayette Land and Phosphate 

Co Apalachicola 10,000 

Lake City Land and Timber Co 50,000 
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Same. Address. OapitaH, 

Lake City Phosphate Co Lake City $100,00a 

Little Bro8. Fertilizer Co South Jacksonville 100,000 

Madison Phosphate Co Madison 50,000 

Magnolia Phosphate Co Gainesville 50,000 

Marion Phosphate Co Savannah 5,000,000 

Marion and Citrus Phosphate Co 200,000 

North and South Alafia River 

Phosphate Co 360,000 

Ocala and Blue River Phosphate 

Co Ocala 780,000 

Orange County Phosphate Co Orlando ... 10,000 

Panasofkee Phosphate Co Ocala 100,000 

Paola Creek Phosphate Co Bartow 150,000 

Peninsular Phosphate Co Ocala 300,000 

Standard Phosphate Co Orlando 500,000 

Standard Phosphate Co Ocala 2,000,000 

Stonewall Phosphate Co Jacksonville 500,000 

Waukulla Lumber and Phosphate 

Co Tallahassee 10,000 

Waukulla Phosphate Co Ci-awfordsville 10,000 

Wekiva Phosphate Co Sanford 10,000 

Zeigler Phosphate Co Ocala 25,000 

Columbian Phosphate Co Jacksonville 

Land Pebble Phosphate Co Bartow 

This list is, we repeat, only a partial one, and the number of 
companies is increasing daily. If, instead of the meaningless 
'^ paper capitaV whicli most of them represent, fifty -odd millions 
of dollars were really at stake, the fact would excite serious anxiety. 
We should be compelled to show that the amount of phosphate to 
be mined and disposed of at a profit in order to pay a five-per-cent. 
dividend on the investment would surpass the total consumptive 
capacity of the entire world. Fortunately no such question is nec- 
essary; we know that the " capital " is merely nominal; that many of 
the companies are mere " mushrooms," and that, in brief, this phase 
of the question will regulate itself. 

From all that has preceded it will probably have been gathered 
that, in our opinion, Florida i)hosphate-mining will prove extremely 
profitable to those who purchase and work its fields with judgment, 
but that it will as certainly turn out in the highest degree disas- 
trous to those who purchase on insufficient or incomplete examina- 
tion and allow themselves to be led away by their excited first im- 
pressions. The interior of the country is still practically unsettled, 
and travelling is attended by some difficulties and much inconven- 
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ience. The negro labor, which forms ninety-five per cent, of all 
that is used in the mines, is cheap, but is not very good and is far 
from plentiful. There are no wagon roads suitable for transporta- 
tion purposes, and the railroad facilities are altogether inadequate, 
the companies being at the present time very poorly provided 
with freight cars. 

Only relatively few mines are within access to the railway, 
and of these the larger number ship their "high-grade rock**' 
by rail to Femandina and thence to Europe by steamer, while a 
smaller number forward theirs to Tampa over the South Florida 
Bailroad. The " pebble " phosphate is chiefly sent over the 
Plorida Southern Railroad to Punta Gorda, but some of it goes 
over the same line to St. John's River via Sanford. The rock 
going to Femandina pays a freight of about ^2.20 per ton, that 
to Port Tampa about $1.10, and the "pebble" to Punta Gorda 
and St. John's River costs about 75 cents. 

The natural difficulties and impediments are at present rather 
discouraging, but the deposits themselves are of such immense 
extent, and the demand for them is likely to be so great and con- 
tinuous, that all obstacles to their exploitation must be of necessity 
eventually cleared away. With the disappearance of the obstacles 
the material of all grades will come forward in large quantities, 
and as its chemical composition is very satisfactory, it will soon 
compete favorably for superphosphate-making with any other phos- 
phates now popular with fertilizer manufacturers. 
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CHAPTER VI. 

SULPHURIC-ACID MANUFACTURE. 

Until Mr. Rodwell published his book, " The Birth of Chemis- 
try," we had always been led to believe that the discovery of sul- 
phuric acid was due to Basil Valentine, but we have now reason to 
suppose that it was known long before his time. 

It was reserved for one Gerard Dornaeus to describe with 
tolerable exactitude what it really was, and this he did in a pam- 
phlet published in the year 1570. 

English makers originally prepared it by burning copperas (pro- 
to-sulphate of iron) in brick ovens at a high temperature, and con- 
densing the vapors which distilled off as an impure oil of vitriol, 
the commercial value of which was $1000 per ton. This process 
gave way to the use of sulphur and nitre, burnt together in enor- 
mous glass globes and concentrated by boiling in glass retorts, the 
product being called " oil of vitriol made by the bell." 

Passing on by successive stages, at which we need not stop, we 
arrive at the year 1 V46, and find the first leaden chamber erected in 
that year in Birmingham by Messrs. Roebuck and Garbett, the 
proportions of raw material employed being seven or eight pounds 
of sulphur to one pound of saltpetre. This mixture was placed 
upon lead plates standing in water within the chamber, and was 
ignited by means of a red-hot iron bar thrust in through a sliding 
panel in the wall. 

Shortly after this time came the introduction of a separate apart- 
ment for burning the sulphur in a current of air, which was regula- 
ted by a slide moving in the iron furnace-door, the vapors being 
taken off through the roof into the adjoining chamber. 

Progressively and finally, the industry in Europe has now 
reached a point which may be almost considered perfect, there be- 
ing little room for improvement in works constructed to comply 
with all the requirements of modern progress and modification. 

In order to make ourselves completely understood by those who 
know little or nothing of the subject, we have prepared the an- 
nexed drawing of a modern sulphuric-acid works, and may state 
that when sulphur (S) is burnt in air it combines with the oxygen 
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of the latter, and sulphur dioxide is formed (SOg). If this gas be 
brought into contact with nitric-acid vapor (HNO3) and steam 
(H2O), a combination takes place resulting in the formation of sul- 
phuric acid and nitric oxide, thus : 

, 3 SO3 + 2 HNO, + 2 H,0 = 3 HjSO^ + 2 NO. 

The nitric-acid vapor is produced by heating a mixture of nitrate 
of soda and oil of vitriol in an iron pan contained within the brim- 
stone or pyrites burners, and it is carried into the lead chambers 
simultaneously with the sulphur dioxide by means of a well-regu- 
lated air current. Reduced, as we have seen, to nitric oxide, it 
does not remain in this form, but immediately combines with the 
free oxygen introduced by the air-current and becomes nitric per- 
oxide (NO2). Assisted by the presence of steam, it thus constantly 
enacts the part of an oxygen-carrier to the sulphur dioxide, as 
may be gathered from the following figures: 



and — 



NO + O = NOa 

Nitric oxide -f Oxygen = Nitric peroxide 

NO, -h SOg + H,0 = H,S04 -h NO. 

Nitric peroxide + Sulphur dioxide + Steam. 



And SO oxidation and reduction go on, and the circle of opera- 
tions is complete and continuous. 

The air of the atmosphere contains about seventy-nine per cent, 
of nitrogen and about 20.90 per cent, of oxygen in every 100 vol- 
umes. This nitrogen plays no part at all in the changes we have de- 
scribed, and it hence follows that the required oxygen is accompa- 
nied by four times its volume of an inert gas which merely serves to 
fill up the chamber space and which calls for immediate and steady 
removal in order that the working elements may have fair i)lay. At 
one time a simple chimney arranged at the end of the works, oppo- 
site to that at which the gases enter the chambers, was deemed 
sufficient, but it was soon discovered — to the cost of the manufact- 
urer — that the nitrogen, in itself escaping, carried off with it a 
large share of the nitric oxide. As the preservation of this latter 
gas is so important a factor in the economy of the industry, means 
had to be devised whereby it could be ^aved without inconvenience, 
and these means were duly provided and are now universally em- 
ployed, as we shall presently see. 

From the commercial standpoint of economical production, the 
chief questions that have to be seriously considered by fertilizer 
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manufacturers who contemplate the erection of an acid plant may- 
be briefly summed up in the following manner: 

(a) Of pyrites and brimstone, which is the most economical and 
best source of sulphur? 

(h) If the preference be given to pyrites, what kind of furnace 
or burner is best adapted for effecting its complete combustion, 
including the "fines"? 

(c) What are the best dimensions to accord to the leaden cham- 
bers in which are combined and condensed the gases induced by 
this combustion ? 

(d) How may the maximum results be produced from the ore at 
a minimum expenditure of nitrate of soda ? 

(e) How to dispose of the residual cinders after desulphuriza- 
tion in order to lessen first cost. 

Of the first problem, the commercial aspect is the only part 
with which we need to deal, for it is at last understood and, if 
somewhat reluctantly, generally admitted, that from a pound of 
sulphur, whether it be taken in the form of pure brimstone or in 
combination with some mineral as a bisulphide, the same quantity 
of sulphurous-acid gas, generated by its combustion, will be ob- 
tained. 

From a purely scientific and theoretical point of view, and speak- 
ing with that impartiality which we are called upon to observe, 
there can be very little doubt that if all things were equal 
there would be no room for hesitation in awarding immediate 
preference to the cleaner, purer and in every way simpler brim- 
stone ; and we must even go so far as to admit that inasmuch 
as very few, if any, of the pyrites ores hitherto discovered and 
worked are absolutely exempt from all traces of arsenic, there are 
certain branches of chemical manufacture in which it would be 
unadvisable, and others in which it would be in the highest degree 
dangerous, to use them. These, however, call for the employment 
of but a very insignificant quota of the gigantic total annually re- 
quired for the great chemical fertilizer industry, in which a trace of 
arsenic in the sulphuric acid employed is a matter of indifference. 

We may therefore leave the interests of small works where 
only fine or medicinal chemicals are produced, or where only com- 
paratively small quantities of acid are required, out of the ques- 
tion. 

In comparing the relative cost of sulphuric acid derived from 
brimstone or pyrites, it must be borne in mind that in the latter we 
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liave to deal with two very distinct species of sulphides — those con- 
taining little or no copper and those bearing it in proportions varying 
from one and a half to five per cent. Ores of the second category will, 
as it is hardly necessary to say, always be preferred as a source of 
sulphur when other things are equal, and will, from that very fact, 
serve the general purpose of keeping the price of brimstone within 
reasonable limits. They are now almost exclusively used by the 
larger European chemical makers, who, being compelled from lack 
-of domestic material to import their pyrites, have adopted the 
-copper-bearing ores of Spain and Portugal, and by a very slight 
addition to their working plant, recover from the cinders the 
copper, silver and gold, and apply the proceeds of the ready and 
profitable sale of these metals to the reduction of first cost. 

There are, fortunately, a few cases where our own intelligent 
manufacturers have kept pace with the times and obtained notably 
l)rilliant results by using pyrites and adopting modern processes, 
"but these only serve to bring into more prominent notice the lack 
of enterprise and energetic initiative so clearly apparent generally 
throughout the country. 

As regards the purely iron ores, dependent for their value en- 
tirely upon their sulphur contents, the greatest, if not the only, 
bar to their more extensive application by our manufacturers, is 
probably the distance by which the centres of consumption are 
separated from the mines. The actual cost of raising and render- 
ing them suitable for the market would appear never to exceed 
an average of $1.50 per ton, %vhereas the average cost of transport 
to all industrial centres is more than double that amount. 

If, after making all deductions for every possible source of 
loss, their actual sulphur contents be estimated at forty per cent., 
and if their cinders be treated as a valueless factor, it follows 
from this that while in the vicinity of the mine the maximum 
<50st of pyrites-sulphur would be only $5.75 per ton, the price of 
railway and other transportation is so great that under normal 
market conditions it no longer offers great advantage over im- 
ported brimstone upon reaching the consumers' kilns. 

The question of freight being, therefore, such a momentous one, 
it is worth while to consider whether the railroad charge upon a 
finished fertilizer would be less onerous than that applied to the 
raw product, and if so, whether the erection of acid works on or 
near the pyrites mines would not be the surest means of turning an 
important source of sulphur to profitable account. 
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It would, of oouree, be folly to expect all tlioae who are now in I 
the fertilizer trade to become owiiera of good pyrites mines, but I 
this fact need in nowise prevent Ibem from erecting workB near I 
such mines in onler to profit by whatever advantages are to be 
derived from using the brimstone substitutes. Lot us therefore 
examine what those advantages actually are. 

To commence with the furnace. The various forms introdiieed 
during the past few years for burning pyrites in England, France 
and Germany by Sponce, Perrel-Oliver, Jiihcl-Malctra, Gersten- 
hoefer and others have all been acciirntely described by popaUi 
writers, and it will suffice for present purijoses to point out that the 
principal conditions to be realised with either lump or fines are : 

First. — To generate and convey to the lead chambers a maxi- 
mum of sulphurous acid and a minimum excess of atmospheric air. 

Secund. — A combustion so perfect that less than one per cent. 
of sulphur shall remain in the cinder. 

77iird.—To avoid any distillation of the sulphur or the forma- 
tion of ferrous sulphide (FeS). 

The necessary oxidation of the iron and the consequent pro- 
portionate increase of the superfluous nitrogen carried by the air 
in the mixture of gases, cause the volume of the latter, produced 
by burning pyrites, to be much greater than that proceeding from 
the combustion of pure brimstone, and it will be hence understood 
that the proper regulation of the air-snpply — important under any 
conditions — is especially so when pyrites are employed. 

The gases derived from pyrites are known to move only at the 
rate of about one foot per minute, and it therefore follows that they 
remain sufficiently long in the chambers to become so intimately 
and thoroughly mixed that any attempt to give a specific direc- 
tion, either to the manner of their entry or their exit, becomes 
unnecessary. 

According to theory, only three molecules of oxygen need to 
be admitted into the funiaces, two for the formation of sulphurous 
acid and the third to transform the latter into H,SO,. For one 
kilogramme of ordinary brimstone this would require 1500 
grammes or 1055 litres of oxygen, or 5275 litres of atmospheric 
air; the amount of air necessitated by burning the same quantity 
of sulphur in iron pyrites being, according to the same calcnlatiou, 
6535 litres. 

In practical industry, however, Mr. Schwarzenberg has shown 
that these figures do not suffice, and th.it it, is necessary to intro- 
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duce 6199 litres of dry air in the ease of brimstone and 8114.0 
litres in the case of pyrites, each being calculated on the basis of 
0° C. and a barometric pressure of 760 millimetres. These figures 
serve to demonstrate that the quantity of sulphur to be profitably 
burned per cubic foot of chamber space will fluctuate with the 
higher or lower situation of the works. 

The ingenious differential anemometer invented by Pedes and 
modified by Fletcher, and the beautiful and simple apparatus for 
analyzing the chamber gases designed by Orsat, have so facilitated 
the general process that an exactly proportioned current of air 
may now be measured out to meet the varying requirements of 
both situation and material employed. An example of this is 
afforded by Buchner's careful analyses, which show that the 
quantity of sulphurous-acid gas passed from the burners to the 
chambers varies from six to eight per cent., according to the nature 
of the pyrites, the construction of the furnace and the manage- 
ment of the air-supply. His greatest average by careful working 
Avas as follows: Sulphurous acid, 6.07 ; oxygen, 7.18; nitrogen, 
86.74. The sulphurous acid requiring only 3.03 volumes of oxygen 
for its transformation into H2SO4, it will be seen that after sub- 
tracting this quantity from the above total there still remained 
4.15 volumes to pass away with the nitrogen into the atmosphere, 
and the greatest watchfulness should be invariably observed by 
chamber managers to keep as nearly as possible within these 
proportions. 

In some of the works where pyrites ores are burned, it is 
still customary not to convey the hot gases from the burners 
directly to the chambers, but to previously cool and at the same 
time cleanse them from the dust by which they are generally ac- 
companied by causing them to pass from the flues into an upright 
brick stack, carried from an independent foundation to about 10 
feet above the level of the furnace arch. From this they enter a 
range of cast-iron pipes 2 feet 6 inches in diameter and 27 feet 
long, in three lengths, cast in two halves, and each provided with 
a man-hole to facilitate cleaning. 

These pipes are fitted into a tunnel of lead 5 feet square and 
40 feet long, connected at its opposite extremity with the acid 
chamber by a seven-pound sheet-lead pipe of about 1^ feet in 
diameter. 

Intelligent and thoughtful managers have now discarded this 
antiquated system in favor of a far simpler and more rational 
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arraiigemenl of their plant, wliich W(> have endeavored to broadly 
outline ill our illustration on opjionite page, and at which a critical 
glance will lie interesting. 

Acid Chamhern. — The aubjeet of chamber conHtruction is well 
voni, if not exhaniited ; their form and Hise have long been bone9 
of contention over which ecrtain wieeacreB, with plenty of time fur 
uaeloBS diHcuseion, have growled ad nauseam. After a very varied 
experience and careful inspceliun of many working systems, we 
have concluded that the required object — i.e., the proper conden- 
tiatiun of the gases — can take place equally well in one large cham< 
ber aa in a series of two or three, and that a choice of either is 
esBcntiftlly a matter of personal taste and personal opinion. A 
very excellent arrangement will be found to consist in a eet of 
two, adopting as favorable dimensions 125 feet long by 24 feet 
wide and IS feet high. The connections are made by a fifteen to 
eighteen inch diameter lead jiipe hung from the roof, with a good 
fall at its end to prevent the accumulation of any condensed acid. 

Aa to the necessary thickness of lead, there is almost as much 
diversity of opinion as upon the dimensions of the chambers ; but 
remembering that a good chamber, properly started and soundly 
built, should last from ten to twelve years, a happy medinm may 
be attained iu this direction by adopting seven-pound lead for the 
first and six-pound for the second. 

The amount of chamber room should in no case be less than 
20 cubic feet for every pound of sidphur consumed. 

The pressure of steam should be as evenly distributed as possi- 
ble, and the faulty system sometimes adopted of introducing it 
from a single jet, which can only play upon one portion of the 
gases, must be carefully avoided. Since of every 100 tons of 
chamber acid produced one-half consists only of water originally 
injected in the form of steam, it has been urged by Dr. Sjirengel 
that this warm steam unnecessarily expands the bulk of the gases, 
instead of lowering their temperature, and causing them to shrink 
in volume. 

To obviate this inconvenience he has therefore suggested the 
use of a spray of cold water, to be forced into the chamber by a 
pump of his own invention ; but the device, while ingenious, does 
not work well and has not been generally adopted. 

The preferred method is to inject steam into the entrance end 
of the chamber and into its side rather more than half the way 
along. 
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The Kiireet moans of accurately knowing what is goiug on ii 
the chambem is aSunk'd by the provieion and maiuteiianoe ii 
proper pondition of "drips" and "caps." Thin is a well-estat 
lished faot among old and experienced aeid-niakers universally. 

The bent appartituB for taking drips consists of a small les 
dish placf.ll within the chamber upon a IS-inch diameter eartheq: 
ware pi|>e, about H feet high, and at about U feet fi 
A small half'inch lead pipe, shaped like an S, iii fixed into the bot- 
tom of the dish and pierces the chamber side, setting 
mouth over a leaden basin standing upon a leaden ledge outside 
The liquid acid passes as it ia formed through the siphon, dri| 
into the basin and, overflowing upon the ledge, is carried bodl 
again into the chamber by a small pipe. 

Two tlripfl should be arranged in each chamber of the set 
at equal distances from each other, and the contents of the basinj 
will constantly represent the nature of the acid and indicats 
its strength, nitrosity, etc., at any moment. Certain opening 
should be left in each chamber ; a man-hole, and a small hole near' 
the end for sampling. A couple of windows will also be useful, 
one fixed in the darkest side, about five feet from the ground, and' 
the other in a direct line with it upon the top. 

The light shining through these windows reveals to an experi- 
enced eye the exact condition of the gases. 

The following indications are furnished by the caps of the- 
chambers as to what is going on within, and ai-e worthy of note : ^ 

When one of those covering the first chamber is slightTy lifted i 
the gases should rush out with great force. This should become- 
less noticeable or almost disappear in the second chamber. 

If the inside of the cap be quite dry and covered with small 
crystals, which, upon being moistened, turn green, the evidence iS' 
certain of an insufficiency of steam. 

If, on the contrary, it be dripping wet, it is equally certain that 
the steam is in excess, and in either case the remedy is obvioua 
and at hand. 

The regulation of the supply of nitre, after that of the draught,, 
is an extremely important point, a mismanagement inevitably en- 
tailing one of two evils : 

J^rst. — If the quantity supplied be too large it 
and excludes all possibility of profitable working. 

Second. — If the quantity be too small there is an inevitable) 
escape of sulphurous acid. 
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Volumes might still be devoted to a discussion of the reactions 
which go on between the gases in the chambers, and, from a truly 
scientific point of view, few questions are of a more absorbingly 
interesting nature. Our present purpose, however, of pointing out 
how to avoid accidents or trouble in what is really, when properly 
understood, a very simple and natural process, will best be served 
"by briefly summarizing a few leading facts. 

The nitric acid used in the process plays no other part, as we 
have previously explained, than that of carrying from the oxygen 
of the air to the sulphurous acid, the necessary atom of the former 
by which, with water, its transformation into sulphuric acid is 
effected, and consequently whatever be the manner of its entry, it 
is eventually discharged from the chambers in its original form. 
This being allowed, it becomes immaterial whether ic is intro- 
duced directly and separately into the chambers, as is customary 
in many large European works, by means which have frequently 
been described, or whether it is sent in by the older, more econom- 
ical, and certainly simpler system of " potting." 

If the gases reach the chambers with a due excess of oxygen 
and there meet with a sufficiency of steam, none of the nitrogenous 
•compounds will disappear. 

Should steam, however, be absent, there must naturally be 
formed a nitro-sulphuric compound, which will prevent any reac- 
tion between the sulphurous acid and the oxygen by using up the 
nitrogen for its own condensation. 

If the entering gases are deficient in oxygen, no sulphuric acid 
can be formed, owing to the fact that the nitrogen compounds are 
reduced in rapid succession to bioxide and protoxide. If, on the 
other hand, they contain too little sulphurous acid, the nitrogen 
<;ompounds are transformed into nitric acid by the steam, and in 
this state exercise a violent and destructive action on the lead. 

With the display of only ordinary care and intelligence, how- 
ever, there should be little chance for any of these mishaps, and a 
simple glance at regular intervals through the side windows or a 
flight removal of the caps will always insure against them. 

The gases in the first working chamber must invariably be 
white, while those issuing from the last cap of the second chamber 
must be of a very deep red and emit strong nitrous fumes. 

We know from experience that the gases allowed to pass away 
from well-managed factories do not contain more than a maximum 
of ^\e per cent, of oxygen, and we also know that when the red 
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color of the last chamber lessens or fades away, it is because of the 
presence of suIjihurouH acid, which, if it were altuwed to pass into 
the absorbing tower, woulil uoi only denitrate the nitrons acid, 
bnt would cause the dissipation of alt the recoverable nitrogen 
compounds. 

A Miifliiient attention to details which, if email in themselves, 
are of the highest imjiortance to the re- 
sults, will bring a set of chanibcrs in a very 
short time to a state of perfect working 
order, but it is positively essential that the 
operations be presided over by a competent 
superintendent, who, in addition to a fre- 
quent examination of the furnace cinders 
IS a check upon the burning of the ores, 
nhould also determine by a rough analysis 
of the gases every day at their entry into, 
as well as at their exit from, the chambers, 
the approximate quantity of sulphurous acid 
contained in the one case and the amount 
of ox J gen in the other. 

UAY-I.USSAC TOWERS. 

The soUibility of nitrous acid in oil oC 
vitriol containing less than four molecule! 
of water was lirst taken advantage of b} 
the distinguished French chemist, Gay I 
sac who invented the columns which I 
his name, and with which even those wfa<( 
still disdain their use are not unfamiliar 
The tower shown in the figure is a very prao. 
tical form, and it must be built of eighth 
pound sheet-lead and should be from 40 tc 
50 feet in height, with an interior diametel 
of from 5 to feet, or such other dimensiooi 
as are necessary to insure a cubical ca- 
pacity of about two per cent, of the entii^ 
chamber space. 

Either a brick or a wooden framewoit 
may serve as a support, but the foundation 
SECTIONAL VIEW OF ^^^^ b^ s„iid and the tower itself kepj 

OAY LUSSIC OR ABSORB- , , , , , -.i . -u -l 

iNO TOWER. plumb and completely acccKsible to the aif. 

I 
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The packing must be carefully attended to, the proper plan 
being to commence with a few of the best fire-bricks at the bottom, 
following this with a couple of feet of large, chemically clean,, 
pure flints, and finishing up with large lumps of hard-burnt oven (not 
gas) coke, the latter being not only an admirable absorbent, but 
also extremely cheap and sufficiently light to obviate any danger 
from lateral pressure. Into the exit-pipe are fitted very small 
glass windows, through which it will be satisfactory occasionally 
to note that the escaping gases yield no red fumes by contact with 
the air. A few feet above the tower is placed a cistern, which, by 
means of a properly regulated tap, supplies the cold, absorbing 
sulphuric acid of a strength equal to 62° B., and the great point 
to be attained is the maintenance of such a perfect and equal dis- 
tribution in the form of a drizzling rain that not a particle of 
the ascending gases may escape its contact. A convenient sam« 
pling arrangement is connected with the tank at the bottom, and 
the nitrous vitriol is frequently tested by adding to a small sample 
a quantity of very cold water, when, if the absorption has been 
complete, large volumes of red fumes will be thrown off. The 
liquid is pumped from the tank to the Glover tower by means of 
the " Gg^y^ as hereafter described. 

THE GLOVER TOWER. 

This remarkably ingenious and valuable addition to the sulphu- 
ric-acid plant is named after its disinterested inventor, Mr. John 
Glover, an English chemist, and is to be shortly but accurately de- 
scribed as — 

First. — A most perfect, rapid, and economical concentrator of 
chamber acid. 

Second, — ^An absolute denitrator of the nitrous vitriol. 

Third, — An adjunct sine qua non to the Gay Lussac tower. 

That it should still be far from universally used or even known 
in this country is an extraordinary and regrettable fact, which 
affords suflicient reason for here devoting a certain space to an ex- 
position of its value. 

The erection of a Glover tower, while not a difficult matter,, 
nevertheless requires very careful study, sound judgment and 
considerable knowledge of the functions it is expected to fulfil. 

Occupying an intermediate position between the pyrites f urnace* 
and the chambers, it receives the whole of the sulphurous and ni- 
trous gases arising from the combustion. With a height of 30 feet 
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for lamp pyrites anil alMuL 40 feet for "smalls," and an external 
diameter of 1 feet square, its f uiiudation muKt be solid and its outer 
framework offer no imi>edituetit to a free circulation of the air. 
A very good form is sbowu \n the accompanjing illustration, aud 




SECT ION AL VIEWS 



its 8011 struct ion i» extremely simple. It has a framework of ire 
lined throughout with twelve-]>ound whoet-lead without cross-jointa 
Tliis is in its turn lined with small glass cuhes and jMiunded glas 
tilling, twa tliicknesM varying from a foot to a imit and a half. Ths!] 
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dish destined to receive the hot concentrated acid must be of twenty- 
five pound lead and have a well-formed lip, a loose sheet of lead 
being placed over its bottom to prevent injury from the linings. 
The cast-iron gas-pipe leading from the furnace projects a little 
above the dish some 8 or 9 inches into the tower, and directlv be- 
neath an arch built either of pure quartz or glass bricks, levelled up 
with small lumps of pure silica or the broken -up ends of old bottles. 
Upon this arch comes the packing, and here we enter into the 
dangerous domain of discussion and disagreement, where, while 
all managers agree in admitting the utility of the tower, all have 
pet theories as to the manner in which it is to be lined and packed 
in order to wear well and be turned to profitable account. 

In a tower which has now been continually at work for nearly 
four years, and with which we are well acquainted, there are first 
placed upon the arch about 8 feet of open packing, with first-class 
fire-bricks, into the interstices of which is loosely distributed a 
sufiScient quantity of minute siliceous pebbles. 

Next comes about 3^ feet of chemically clean and pure flints of 
moderate size, and finally, up to within about five feet of the cover 
(which, together with the distributing apparatus, is the same as 
that described in the Gay-Lussac tower) come successive layers 
of the best hand-picked hard-burned oven-coke. 

Immediately below the cover is an exit-pipe 3 feet in diameter, 
leading to the chamber with a considerable fall, while upon the 
top of the tower are two tanks placed side by side and suitably 
covered, but accessible to the cooling influence of the air. Into 
one of these tanks is pumped the whole of the acid from the Gay- 
Lussac tower, as we previously remarked, and into the other all or 
any part of the 50° B. acid from the lead chambers. 

Pipes lead from each tank to a reaction wheel under the cover of 
the tower, whence, with the same cautious observance of minute 
and equal distribution already insisted upon in the case of the 
Gay-Lussac tower, the two liquids, made to meet and combine in 
equal proportions, trickle downwards. 

We have seen that the acids from the chambers and the bottom 
tanks must be continually hoisted to the cistern on the summit of 
the towers, and it has been demonstrated that compressed air will 
carry them to any height, while exercising no decomposing action 
on the liquids. 

The description of siphon or " ag^ " (as it is commonly called) 
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bcHt adapted to tbe purpose, is shown in tlio illustration, and i*! 
made of thick caitt-iron, shaped eomething like an English sodft»l 
water bottle. 

It is placed in position upon a somewhat lower level than the] 
bottom tanks, requires no lead lining, and is closed at one end bf a 
a man-bole door of wrought-iron. On its top side are providedM 
three flanged openings fiiti'd with a corresponding number of pipetl 




4 



— one for the blower, one for the acid charger, and the third, which 
extends right through to a hoUowed-ont space in the under side, for 
delivery. Valves and cushions are fitted to the pipes leading from 
the tanks to the main passage into the egg, such main being also 
provided with a perfect-fitting strong screw-valve and a long rod. 
Near the bottom is a guide, the upper part of which traverses a 
very strong wooden frame in which is fixed the screw-worm, and 
having upon its top a small hand-wbeel. When ready to charge, this 
valve is turned up and the cistern plug removed. When the egg 
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is full the cistern plug is reseated, and the screw-valve over the egg 
firmly fixed in its place. 

The engine chosen for working the " egg " should have both a 
steam and air cylinder, worked with a direct stroke, and should be 
constructed to force acid through the delivery -pipe to the required 
height with ease and freedom. 

The whole pumping-gear must be kept scrupulously clean and 
in good repair, and it is a wise measure of precaution to provide 
two " eggs " for each set of towers, so as to avoid, in case of a break- 
down, any stoppage of the process. 

As the absorbing powers of concentrated sulphuric acid are 
known to become less, proportionately, with the increase in its tem- 
perature, the absolute necessity for effectually cooling that which 
runs from the Glover before passing it on to the Gay-Lussac tower 
need hardly be insisted upon. 

A sufiiciently long leaden worm pipe immersed in water, kept 
constantly cold, will answer all purposes. 

The action which takes place in the denitrating column is ex- 
tremely complicated. 

Briefly stated, it may be said that the gases from the furnaces 
and the nitre-pots pass into and up the column at a temperature of 
from 900° to 1000° F., being met and traversed in their course 
by the fine down-pouring rain of acid proceeding from the two 
cisterns placed over its summit. 

There thus simultaneously ensues a thorough denitration and 
concentration ; the nitrous compounds given off by the acid from 
the Gay-Lussac tower and the steam resulting from the evaporation 
of the weak acid are both carried by the thoroughly cooled furnace 
gases into the chamber, the acid flowing into the bottom cistern 
being concentrated by the loss of its water to from 62° to 63° B. 

The proper position naturally indicated for a Glover tower, 
therefore, is, as we have shown in our plan, as close a prox- 
imity to the burners as may be compatible wth perfect safety from 
fire, since the hotter the gases, the greater will be the evaporation 
and the higher the degree of concentration of the acid flowing 
through it. 

Some ten years ago Mr. Scheurer-Kestner pointed out that 
during the combustion of pyrites, there is formed in the furnace a 
large quantity of sulphuric anhydride which, being carried into the 
denitrator with the other gases, is presumably responsible, by ita 
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corrosive action, for the rapid decomposition of the fire-bricks 
generally used for the base of the interior lining. Having con- 
tinued his expenment up to recent times, the same distinguished 
author has published further and still more elaborate analyses, 
entirely confirmatory of his first discovery, and, as incontro- 
vertible evidence, proves that the addition to a sulphuric-acid 
]>lant of a Glover tower, invariably results in an augmentation 
of production amounting^ according to its dimensions and the 
excellence of its construction, to from ten to twenty per cent^ with 
no increase in the material employed. 

His operations were conducted in his own works, at Thann, 
with shelf -burners, consuming 5^ tons of pyrites—" fines » aver- 
aging forty-eight per cent, sulphur — daily. The whole of the 
acid produced in the chambers was passed through the Glover 
tower, where an evaporation of no less than 3^ tons of water was 
noted in every twenty-four hours. Starting with an accurate 
knowledge of the quantities contained in the chamber, tanks and 
various apparatus, the total daily production was accurately re- 
corded during a period of sixteen days, at the end of which mat- 
ters were so arranged as to be exactly in the same position as they 
were at the commencement of the experiment. 

Of the 96 tons of 66° B. acid obtained, 15.152 tons, or 15.70 
per cent., must have been formed in the tower. A second experi- 
ment, by what may be termed an indirect method, confirmed this 
result. 

In this case the exact quantity of sulphuric acid condensed in 
the leaden chambers was accurately determined, with an absolute 
previous knowledge of what should be theoretically yielded from 
the amount of pyrites burned. The difference between this quan- 
tity, and that actually obtained, represented the excess formed or 
condensed in the Glover tower. Thus: 

Tons. 

Sulphuric acid of 66° B. produced 48.300 

Sulphuric acid of 66° B. condensed in the chamber 40.378 

Difference representing the acid formed in the Glover tower . 7 . 922 

Or 16.30 per cent 

To these figures must be added the sulphuric acid which, pass- 
ing with the gases through the tower in a state of vapor, was con- 
densed in the connection-pipe. This being daily and exactly 
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measured during the course of each experiment, was found to 
I'epresent from two, to two and a half per cent, of the whole prod- 
uct, the entire gain being thus brought up to the extraordinary 
total of about eighteen per cent. Mr. Scheurer-Kestner is proba- 
l>ly one of the best manufacturing chemists in the world, and as a 
slirewd man of business, he supplements his theory by a very solid 
£ind practical final piece of evidence. 

Using his own words, he says that before the Glover tower was 

erected in his works at Thann, his sets of chambers produced in 

each twenty-four hours six tons of oil of vitriol on the basis of 66° 

!Beaume. Ever since the tower has been adopted and brought to 

proper working order, the production has been increased to 7.280 

tons. The difference, 7.280 — 6.000 = 1.280, in actual practical 

"working, therefore, represents seventeen and a half per cent, of his 

total output. 

Mr. Scheurer-Kestner attributes the formation of this sulphuric 
acid, outside the leaden chamber, to a double origin, about one-half 
being due to the anhydride produced during the combustion and 
dissolved by the descending current of liquid in the tower, and the 
other half being spontaneously formed by the action of the nitrous 
compounds on the ascending sulphurous acid. 

COSTS OF PRODUCTION. 

From what has preceded it is perfectly clear that the actual 
Cost of sulphuric acid entirely depends upon three chief conditions: 
jF?r«^.— ^The price of sulphur. 

Second, — The resources, adaptability and excellence of the 
Xvorking plant. 

Third, — The chemical, mechanical and, generally, industrial 
i^kill of the working management. 

It would, therefore, be obviously unfair to make any allowance 
:for short-comings which have no right to exist, and it will be wise, 
in going into figures, to assume perfection in every detail. 

A correct basis for calculation is furnished by what is com- 
monly known as chamber acid — that is to say, the product daily 
formed in the chambers and subjected to no other concentration 
than that by the Glover tower. With proper care it may be made 
to average a gravity of say 52° Beaume, and for the decomposi- 
tion of average natural phosphates no greater strength than this is 
required. 
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If the entire product from the chambers were put through 
the Glover tower, the gravity could be run up to 60° or even 62** 
B. and the concentrated liquid could be easily reduced to any 
required strength by the addition of water, as shown by a table 
in a subsequent chapter. 

The composition of pure HjSO^ is made up of 81.63 parts of 
sulphuric anhydride and 18.37 parts of water. 

For every 100 pounds by weight it contains: 

Hydrogen 2.041 pounds 

Sulphur 82.653 

Oxygen 66.306 






Total 100 



(( 



Hence the quantity of acid produced by 100 pounds of sulphur 
should be: 



Sulphur , 100.00 pounds 

Hydrogen 6 . 20 

Oxygen 199.80 






Total H2SO4 equals 306 



(( 



In other words, one pound of sulphur, when properly burned, 
theoretically yields 3.06 pounds of the monohydrate, with a 
specific gravity of 1.842 at 15° C. and 66° according to 
Beaume's hydrometer. In practice, a regular average yield of 
about 2.95 pounds of 66° Beaume, or even 4.50 pounds of 52° 
Beaume, is considered an excellent result, and while the state- 
ments of manufacturers who claim to do better than this must 
be received with caution, it may nevertheless be laid down as an 
axiom that from every pound of sulphur really hurnedy whether 
it he in the form of brirnstone or of pyrites, the same amount of 
sulphurous- acid gas, and consequently of sulphuric acid, will, 
under all equal conditions, he produced, 

A reference to the annexed analytical table will show the pro- 
portion of sulphur contained in the pyrites now mined and used in 
this country. 
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From these figures it will appear that the average may be 
safely taken at forty-six per ccut. of sulphur, and of this amount, a 
varietl experience has demonstrated that at least six per cent, are 
generally unavailable and should therefore be regarded as loss. 

The prices of raw material given in the following table are in- 
tended to cover all costs of delivery to works in readily accessible 
shipping ports, and are based, not upon the high values now pre- 
vailing for brimstone and communicated to it by speculation, but 
upon the average prices which have prevailed during the past live 
years. 

In the pyrites estimate, considerable additions have been made 
to the items of nitre and labor, and it has been considered wise in 
both cases to write off the whole value represented by the works 
in ten years, experience of this system in practice having proved 
highly satisfactory. 

Despite sundry drawbacks the balance of advantage is un- 
equivocally shown to be on the side of the pyrites, even when 
utilized at centres so far distant from the sources of production as 
to entail a very heavy freight. 

TABLE OP COMPARISON SHOWING THE ACTUAL COST OP PRODUCINQ ONE 
TON OP 52* BEAUMf: SULPHURIC ACm FROM BRIMSTONE AND PYRITES 
IN ACCESSIBLE SHIPPING PORTS. 

Brimstone (short Urns). 

1 ton of brimstone (98 per cent. S.) thirds, at $21 $21.00 

50 lbs. of nilrate of soda, at 2^ cents per lb 1 .25 

500 lbs. coals, at, say, $4 per ton 1 .00 

Workmen's wa^es 2.25 

Superintendence and management 2.00 

General jobbing repairs 50 

Interest on capital of $75,000 at 10 % per year, the works be- 
ing calculated to produce 20 tons daily and to last for 

ten years 4.60 

Total $32. eO 

Product equals 4J^ tons of 52" B. Cost per ton $7.65 

Pyrites (short torU). 

2J tons of iron pyrites at 46 per cent, sulphur, at 12 cents 

per unit and per ton $13.80 

60 lbs. nitrate of soda, at 2^ cents per lb 1 .50 

500 lbs. of coals, at, say, $4 per ton 1 .00 

Workmen's wages , 3.00 
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Superintendence and management 2.00 

Creneral jobbing repairs 60 

Interest on capital, same terms as above 4. 60 

Total $26.50 

Product equals 4^ tons of 50° B. Cost per ton $5.90 

We have already hinted at the feasibility of manufacturing 
the acid in the vicinity of the pyrites mines, but have not for- 
gotten to add that its practicability must be established by clearly 
demonstrating that the cost of carrying phosphates or 66° B. acid 
is less than the freights now paid upon the pyrites ore. 

The problem deserves to be inquired into by capitalists, since 
its favorable solution would still more reduce costs, as follows : 

COST OF ACm PRODUCTION AT THE MINES. 

2i tons of iron pyrites, containing 46 per cent, sulphur, at 

a maximum of 5 cents per unit delivered at the works. $5.75 
Other charges, same as given in preceding table 12 . 70 

Total cost of 4i tons 50** B. acid $18.45 

Cost per ton $4. 10 

To put it plainly, the manufacturer at the mines would be 
working upon sulphur which, on an exactly equivalent chemical 
basis of calculation, would cost him $15.25 less per ton than the 
price paid for brimstone by his competitors. 
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CHAPTER VIL 

THE KAHUTACrUKE OP SUPERPHOSPHATE, PHOSPHORIC ACID, 
AND " HIGH-GBADE SUPERS." 

Tbb process of snperphoepbate manufacture from mineral 
phosphates u not very geDerally UDderstood, and irhile nalher 
Tery oompii«at«d nor difficnit, requires a certain amonnt of 
chemical knowledge and experience which the majority of those 
concerned in it do not poesesa. Hence it follows that no artiule 
in the market is more variable, both la its physical condition ud 
chemical com position. 

Nor can this remain a soarce of surprise when we rememheF 
that each manafacturer adopts some peculiar system of his oini, 
and that no two fertilizer factories bear any resemblance to each 
other. 

We have seen that raw phosphates, whether of animal or 
mineral origin, are made up of three molecules or parts of Ume 
(CaO) combined with one molecule or part of phosphoric anhy- 
dride {PjOj). The words acid phosphate, superphosphate, waler- 
ooluble phosphate, are all used to describe a product obtained by 
treating these raw phosphatic materials with a sufficient propor- 
tion of sulphuric acid to transform two out of their three mole- 
cules of lime into sulphate of lime or gypsum (CaSO^). 

To the lay reader, the chemistry of the misture will be mow 
readily understood if we briefly explain, that when a piece of pure 
phosphorus is burnt in contact with dry air it gives off vapors, 
every two atoms of which combine with five atoms of atmogpberie 
oxygen to form a snow-white powder. This powder is the phos- 
phoric anhydride above alluded to, and it has a moleoalar weight 
of 142. Its chief characteristic is its attraction for water, and if 
left temporarily exposed to the air it rapidly deliquesces. 

In this moist state it is found to have combined with water in 
the molecular ratio of 1:3, and its composition has become 

PhoHphoric anhydride (PjO,) I mol. = 148 by weight. 

■Wttter(H,0) 8 mols. = 54 '• 

Or, Phosphoric acid {H,PO,) S mols. = 190 " 

In other words, every 100 parts of it contain 
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Phosphoric anhydride (P,0,) 72.45 

Water (H,0) 27.55 

100 

And It may be regarded as typical of the tribasic combination 
in which the anhydride is always encountered in nature. 

It has the faculty of exchanging one, two, or all three of its 
water-molecules, for molecules of various bases, and thus we are 
quite familiar with it as 

CaO(H20)gPgOg, or acid phosphate of limey in which it has 
taken one molecule of lime in place of one molecule of water ; 

(CaO)^HgO PgOj, or neutral phosphate of /ime, in which it 
has taken two molecules of lime in place of two molecules of 
water ; and 

(CaO)3PjOg, or tribasic phosphate of limey in which all the 
water- molecules have been displaced by lime. 

The first of these compounds is soluble in water. 

The second insoluble in water but soluble in neutral citrate of 
ammonia. 

The third is only soluble in strong acids. 

When quite pure, every 100 parts of each of them is made 
up of — 



Phosphoric anhydride (PgOg) 

Lime(CaO) 

Water (HjO) 



Acid Phos- 
phate of 
Lime. 



60.68 
23.93 
15.39 



100 



Neutral 
Phos- 
phate of 
Lime. 

52.20 
41 .18 
6.62 



100 



Tribasic 

Phos- 
phate of 
Lime. 



45.81 
54.19 



100 



The tricalcic or last of these compounds is the phosphate of 
lime which occurs in the deposits we have been engaged in con- 
sidering, and the problem of making it soluble in water or in 
neutral citrate of ammonia has been worked out by chemists on 
the following basis : 

Sulphuric acid is known to be more energetic in its action at 
ordinary temperatures than any other acid used in industry. It 
therefore has the power of displacing all other acids from their 
salts and of taking their bases to itself to form sulphates. 

The acids chiefly present in natural phosphates are phosphoric, 
carbonic, fluoric and silicic, and these, when brought into contact 
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with dilntod flnlphiiric .icid, nre nil iliModgetl. Thp bases become 
■ulptiateB. The pho§phoric anhydride combines with water soil 
remains in the maHti an free (iboHpboric acid, while the carbonic, 
fliKiriu, and pari uf the Hiliciu aeids, go ulT as vapor, the two klter 
generally cumbined in the very poinionouB form of silicon tetn- 
fluoride. In the manufacture of fertilizers, however, as at present 
carried out, the object is not to produce free phosphoric acid, but 
" acid pfiotphaie," since, as we have already seen, this latter Bait is 
quite soluble in water, and therefore can fulfil all the coDditiane 
that are deemed by some antboriticn to be essential in a plant food. 
It hence follows that the substitution of the bases must not be 
complete, but must be only carried to a sufficient point to displaw 
all foreign acids, and to saturate two out of the three molecules of 
the lime combined with phosphoric anhydride. 

Lest this proposition should appear too eoraplioated, we may 
endeavor to make it more clear by an example, in which we sball 
assume that we are called u|ion to deal with a Florida phosphate, 
the composition of which has been determined by chemical analj- 
sis to be as follows : ^m 



Moisture and organic matter, 3.00 ^H 

Tribasie phoapliate of lime 79.40(equal to3e,43P,0(} ^B 

Carbonate of lime 5.48 

Phosphates of iron and alumina... 8.(H)(equalto about 1.50 P|0() 

Carbonate of magnesia 0.72 

Sulphate and fluoride of lime 8.30 

Sandy matters, silicates, etc 4.80 

100 

The sulphuric acid known as " chamber acid" when measured 
■with Beaume'fi hydrometer at a temperature of 60° F., contains the 
following percentages of sulphuric anhydride (SO,) and pure mono- 
hydrate (H,SO.) : 



ircfntaqe of Frrcfniagt of 
iAtihi/Sride) H.SO. iUmuAj^rali). 

48.70 59.63 

40.80 61.00 

Gl.OO 03.47 

5S.30 83.94 

53.50 65.5S 

54.00 67.80 

58.00 8eLfl|^^J 
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With the analysis and this table before us, we may proceed to 
find out in what proportions the powder and the liquid must be 
brought together to transform the insoluble phosphates into a 
nvater or citrate soluble form, and we acquire this knowledge by 
resorting to an equation, which we will endeavor, as an example, 
to produce in its simplest expression : 

MoiectUar WeighU. 



810 196 

CaaPgOg + 2H,804 = 2CaS04 4- CaH^PjOg 

1 molecule of tri- -t- 2 molecules of = 2 molecules gyp- + 1 molecule of 
basic phosphate of monohydrate sum '* super" or 

lime sulphuric acid acid-calcic 



phosphate. 



Mdectdar Weights, 



100 98 

CaCO, H- H8SO4 = CaSO^ + CO, 4- HgO 
1 molecule of + 1 molecule of = 1 molecule + 1 molecule + 1 molecule 
carbonate of monohy- of gypsum of carbon- of water 

lime dratesulphu- ic-acidgas or steam. 

ric ac'd 

Molecular Weights. 



245 294 

(A1P07), + SH.SO^ = AlgCSOJ, + (H3PO4), 

1 molecule of + 3 molecules of = 1 molecule of + 2 molecules 
phosphate of monohydrate sulphate of alu- phosphoric acid, 
alumina sulphuric acid mina 

Molecular Weights. 



302 294 

(FePOJ, + 3H,S04 = Fe^CSOJ, + (H3PO4), 
1 molecule of + 3 molecules of = 1 molecule of-f-2 molecules 
phosphate o f monohy d r a t e ferric sulphate phosphoric acid, 
iron sulphuric acid 

Molecular Weights. 



84 98 

MgCO, + H8SO4 = MgSO^ + CO, + H,0 

1 molecule -f- 1 molecule = 1 molecule + 1 molecule -h 1 molecule 

carbonate of monohy- sulphate of carbonic- water (or 

of mag- drate sul- magnesia acid gas steam), 
nesia phuric acid 
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78 98 

CaF, + n,SO, = CaSO, + 3HP 

1 molecule of + 1 moleoule of = 1 molecule of + 3 moleculei of 

caldum fluor- monohjdrate gjrpaum hydrofluoric 

ide Bul[iburic acid acid. 

If three hvndred and ten parts of tribasie phosphate of limf 
require one hifrtdred and ninety-six parts of the pure monohydratt 
of sulphuric anhydride (H,SO,) for its transformation into mono- 
caloio or acid -phosphate, it followti that 1 part will require Mi 
parts of the acid. 

AsBumiog the chamber aoid we are called upon to use to be of 
50° B. strength, we refer to our table and fiud that it contaioB 
G2.i1 per cent, of pure H,SOj. The quantity of it to be taken as 
an equivalent of .632 parte of the latter, therefore, is found by the 
equation: 62.4" : 100 : :0.632 a!— 1.012 parts, and this ia the 
method of calculation we must observe for all the bodies shown if 
exist iit our sample of phosphate. 



jTtoa MAinH. 


IN POUNDS-REIilimEn IN 


™PRO 


IZ'^ 


"phSJp 


SU^U-P 


r«PH*T^ 


Erery ponnd o( 
the fQllQ*1iie 

qulres- 


48° B. 

Pounds 


AcW 

at 

Pounds, 


Acid 


Apid 
PDundB 


Acid 


Acid 
at 
53° B. 


Acid 


Acid 


Tribaaic phos- 
phate of lime 

lime 

Phosphate of 
alumina.,... 
Phosphate of 


1.060 
1.640 
2.025 
1.630 
1,949 
3.006 


1.036 

1.605 
2.008 
I.59S 
1.905 
3,059 


i.oia 

1.566 
1.980 

1.658 
1.860 
2,010 


1.535 

i.eM 

1.581 
1.815 


.es5 

1.495 
1.839 
1,485 
1.775 
1.916 


,940 
1.456 
1.790 
1.446 
1.786 
1.866 


.931 

1.438 
1.756 
1.430 
1.690 
1.830 


.903 
1.411 
1.731 
1.890 
1.660 
1.794 


Carbonate of 
mUgnesia.. . . 

Fluoride of 
lime 



With a proper application of the data thus fumiBhed there 
should be no difficulty in dealing with any phoaphatic material of 
which the composition is accurately known, and it is only neces- 
sary, in proof of this, to give one more illustration. 

Returning to the phosphate we have already used, but assum- 
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ing for the sake of variety that our chamber acid is of 52° B. 
strength instead of 50° B., we shall find that 

79. 40 lbs. phosphate lime X .965 = 76.62 lbs. 

5.48 ** carbonate " Xl.495= 8.19 " 

3 . 00 * * phosphates of iron and alumina combined X 1 • 839 = 5 . 52 * * 
0.72 " carbonate of magnesia X 1 .775 = 1 .28 

^3.20 ** fluoride of calcium Xl.916= 6.13 






The total quantity of 52° B. acid required for every 100 
lbs. of raw material, in order to bring the insol- 
uble phosphates into a soluble form, is therefore ... 97.74 ** 

It would thus appear to the unobserving, that a mixture of one 
ton each of the raw materials produces, after allowing for certain 
losses in the fabrication — such as evaporation — about two tons of 
fertilizer, and that we have gone to unnecessary trouble to dem- 
onstrate a very simple fact. Such " rule-of -thumb " reasoning is- 
no doubt responsible for the many bad " supers " we meet with in 
the trade, and the present is therefore the right time to ask what 
kind of a fertilizer has been thus prepared. As a matter of abso- 
lute fact, no question is so little understood by the majority of 
those who should be able to answer it, 'and yet no other is of so 
much importance. 

We have been taught by chemistry that certain qualities are 
essential in a fertilizer in order that it may produce its results 
with rapidity and economy. Without a sufficient knowledge of the 
reactions involved, how can the possession of these qualities be in- 
variably assured and conscientiously guaranteed ? 

Let us therefore examine a little more closely into the nature 
of this very complicated body. 

As revealed to us in our own practice and by the experience of 
other chemists, there can be no reasonable doubt that the tricalcic 
phosphates of mineral origin, when treated with sulphuric acid, 
become partially or wholly changed into three distinct forms : 

1. Free phosphoric acid soluble in water. 

2. Acid phosphate of lime soluble in water. 

3. Neutral phosphate of lime insoluble in water, but readily 
soluble in neutral citrate of ammonia. 

There can also be no doubt that the nature and extent of this 
change, as well as the physical condition of the mass resulting 
from the mixture, will depend entirely upon two factors : 

A, The skill and intelligence of the practical operator. 

jB. The nature and composition of the phosphate to be handled. 
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Assuming that A leaves nothing to be desired, the bulk of our 
average raw phosphates still offers two difficulties of considerable 
magnitude. If they are treated with the theoretical amount of 
acid, as in our example, they may yield a wet, pasty mass or mud 
which can only be dried with difficulty, and which therefore remains 
long unmarketable. If, on the other hand, something less than 
the theoretical quantity of acid be taken, a certain proportion of 
the substance remains unattacked and therefore becomes neither 
"water" nor "citrate" soluble. This is because there is in their 
composition, either a lack of some needed, or an excess of some 
objectionable constituent, and we are hence led to quite naturally 
inquire, what we are to regard as a defective phosphate. 

The result of prolonged investigations pursued under many 
and varying conditions has proved to us, that next to an insuffi- 
ciency of the phosphoric acid itself, a lack or insufficiency of car- 
honate of lime is the most serious defect. This defect is aug- 
mented in the presence of iron and aluniiyia in any form. 

In Europe, and especially in England, high-grade phosphates 
have great commercial value, but they lose part of it when the 
oxides of iron and alumina, taken together, exceed three per cent. 

This is because the market price of the English manufactured 
fertilizer is made dependent upon its percentage of water-soluble 
phosphoric acid, and because, even when all other conditions are 
favorable, the presence of iron and alumina gradually causes 
"water "-soluble to revert into "citrate "-soluble phosphates when 
kept for a short time ready made in the factory. When an acid of 
greater average strength than 50° B. is used for the attack on the 
phosphate — and stronger acids are frequently necessary — free phos- 
phoric acid is at first almost exclusively produced as a result of 
the reaction. After a little time, when the temperature is at its 
maximum, this free phosphoric acid commences to react upon the 
undecomposed material, and first of all upon any iron and alumina 
that may be present. Bodies insoluble in water result from this 
reaction, and hence the English fertilizer makers studiously avoid 
all mineral phosphates containing more than the stated maximum. 

In this country we are not handicapped by any such foolish 
prejudices. Our farmers are hard-headed and practical and have 
no marked preference for water-soluble phosphoric acid. They 
have been taught by theory and have proved by their own field 
practice, that citrate-soluble phosphates are readily transformed 
into plant food by the elements in the soil. This being the case, 
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all they ask of us is the maximum of "available phosphoric 
acid^^ in a fine, dry and merchantable condition, and this we can 
give them without difficulty and without regard to a few units 
more or less of oxides of iron and alumina, by carefully regulat- 
ing the percentage of carbonate of lime in our raw product. When 
circumstances allow of this regulation, through the mixture of a 
phosphate containing much carbonate, with another containing little 
or none — as for instance, the blending of Canadian apatite with 
Belgian cretaceous phosphates — we personally prefer that course, 
but where such facilities are wanting, we invariably resort to the 
addition of finely powdered chalk, or any other cheap and available 
source of the carbonate. 

This method of facilitating spontaneous drying was suggested 
by us to a few manufacturers some years ago, and has been depre- 
cated and denounced as far too costly for general use. Those who 
denounced it, however, have not yet made known a cheaper or more 
practical plan, for the one which they proposed, of effecting the 
drying by the application of external heat in ovens or on hot floors, 
has invariably proved disastrous. How could it in fact do other- 
wise, when we know that monocalcic or water-soluble phosphate 
of lime cannot exist in any other than the hydrated state ? 

In making our proposal, we had borne in mind that this hydrated 
state can only be preserved by spontaneous drying, and we had 
experimented enough to know that this drying can only be easily 
effected as we have described. We consequently can see no more 
valid reason to-day than we could ten years ago, why, under proper 
restrictions, the carbonate should not be used. 

The difficulties of a manufacturer only commence when he is 
called upon to use a refractory raw material, and it is only under 
such circumstances that he finds scope to develop the fertility of 
his resources. If our mineral phosphates were not of ever-varying 
composition, a knowledge of chemistry would not be so essential 
to their treatment, but as the case stands we are helpless without 
the assistance of the analyst. In his absence the manufacturer 
gropes blindly in the dark, for he knows not what elements he is 
mixing together and can predict nothing concerning the nature of 
the compound that will result from their reactions on each other. 

Figures, like actions, are more eloquent than words, and as our 
assertions are made on the strength of our own work, we will close 
this part of our argument by giving some examples that should 
carry conviction. 
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Thp following pxpcrimontH were mule iritb Florida phosphate 
containUig m high oh eight per cent, of iron aud alumina. After 
having lii^un trii^d in Meveral fautones and pronounced w-orthlesti fur 
the puqKWu, ihey were finally made luto eiifierpboitphates of escep- 
tionally good quality. 

The composition of the material waR : 

Phosphatdor lime 81.in(eqUEil to 37.30 P,0,} 

Carbonate of lime 3.70 

Oxides ot iron and aluminu (oombineil) T.90 
Moisture, msoluble. ami undetermint^d 7.30 

100 

One hundred pounds uf it were treated with 94 pounds of 55° B. 
chamber acid, and one hour after the "super" had dropped into the 
"den" a sample was drawn from various poiulH, mixed, analyzed 
aud found to contain : 

Total phosphoric anhydride solulil.- in liydrot-liloric: acid 30.01 

Of which there was Tound to be 

Wnter-sohibk phosphoric anhydride 15. M 

Citrate-soluble " •' 16.30 

At the end of ten days this "super" was still in the "den" 
and in a very wet and unmanageable condition. Sampling and 
analyses were repeated, and it was now found to contain : 

Total phosphoric anhydride fsjluble in hydrochloric acid 19.96 

or wJiich there was found to be 

Water-soluble phosphoric anhydride 15.10 

Citrate-soluble " '" 17.01 

Another batch was made with the same lot of phosphate after 
adding to it eight per cent, by weight of very finely powdered cbalk. 
Upon analyses before treatment with acid it was now shown to 
contain : 

Phosphate of lime 75.03 (equal to 34.40 P,0,) 

Carbonate of lime 10.73 

Oxides of iron and a]uniina(GombiDed). 7.37 

Moisture, insoluble, and undetermined 6.98 

100 

One hundred pounds were pasHcd through a TO-mesb screen an^ 
then worked up with i)2 pounds of 55° B. chamber acid as before, and 
dropped into the "den."' At the end of an hour, when the sample 
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was drawn as in the last experiment, it had already commenced to 
" set," and the result of the analysis was : 

Total phosphoric anhydride soluble in hydrochloric acid. ... 18.97 
Of which there was found to be 

Water-soluble phosphoric adhydride 16.30 

Citrate-soluble ** ** 18.10 

At the end of thirty-six hours after mixing, it was dry enough to 
be dug out of the " den " and was in a very porous and friable state, 
the analysis at this time showing it to contain : 

Total phosphoric anhydride soluble ia hydrochloric acid. ... 19.19 
Of which there was found to be 

Water-soluble phosphoric anhydride 16.17 

Citrate-soluble " '* 18.53 

The increase in the last figure was due to decrease in moisture. 

In order to test the question of the advisability or otherwise of 
using calcined phosphates from Florida, made by the prevailing 
method of firing the material in heaps, a third experiment was 
performed at the same works. Before treatment with acid the 
finely comminuted material (70-mesh) was analyzed with the fol- 
lowing result : 

Phosphate of lime 77.18 (equal to 35.40 PgOj) 

Carbonate of lime 3.64 

Quick-lime 4.65 

Oxides of alumina and iron (combined) 7 . 53 

Moisture, insoluble, and undetermined 7 . 00 

100 

After being worKed up with 92 pounds of 55° B. sulphuric acid 
it was dropped into the " den " as usual, and sampled and analyzed 
at the end of an hour, as in the other cases. It was still quite wet 
and yielded : 

Total phosphoric anhydride soluble in hydrochloric acid. ... 18.73 
Of which there was found to be 

Water-soluble phosphoric anhydride 15 . 54 

Citrate-soluble ** " 16.79 

It was removed from the " den " on the eighth day after its manu- 
facture, in a very damp and unsatisfactory condition^ quite unfit 
to pass through the pulverizer or to be put into bags. It yielded 
on analysis : 
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Tutnl phonpliork anliydride soluble iu hrdrocbloric acid. . . I^.X 
Of whirl) thnm was found to be 

WutiT-'Kiliilili' fihoajilinhc anhydride 13.0! 

CttnUMiolubln ■■ '• IT.O; 



I'nlcn" our conciuBions are ill-founded in every iiarticalar, these 
figures nnd dotails i^onfirni the [MHition we have assamed. 

/« thefirtt place, they prove that raw mineral phosphates con- 
taining a fair i)roi>ortion of carbonate of lime may carry a high 
(leroentage of iron and alumina and yet yield a perfectly dry and 
|mlvL-ruleiil product, in which nearly all the phosphoric acid is 
a readily soluble or available form. As a necessary consequence, 
while this amount of carbonate certainly calls for an increased 
outlay of sulphuric acid and thereby adds somewhat to the cobI of 
manufacture, it is, nevertheless, in the end a source of the traest 
kind of economy and profit. 

fn the gtcoiul plnce, they prove what we have never ceased 
claim, that the prevalent custom of calcining Florida phosphates is 
unscicntitic. and harmful, and thai whereas the production of a dry 
and porous "super" alwaj's follows the use of carbonate, the pres- 
ence of free lime always retards t!ie drying action. 

Til the third plai-e, they prove the necessity for complete chemical 
analysis of the raw material, and demonstrate the utter worthless- 
uess of analytical reports which merely give the percentage of totsl 
phosphoric acid, calculated to its equivalent of tricalcic or "bone 
phosphate. What kind of iron and steel would be produceil, if 
those concerned in that industry were content to know the 
percentage of metallic iron contained in a sample of iron ore 

Turning now from the purely chemical, to that side of the 
industry which calls for mechanical details, we come first to the 
operation of grinding the raw phosphate, and we may be allowed 
to say that this is a matter for the most serious attention. 

A growing recognition of the necessity for extremely fine 
grinding is one of the most satisfactory results of scientific teach- 
ings, and we are glad to see that progressive manufacturers no 
mit it to be the only means of attaining high dissolving efficiency. 

In proportion to the natural hardness of the phosphate rook 
this necessity for fine separation of the particles increases, and it 
has been the experience, with Canadian apatites for example, that 
unless the material is so disintegrated as to pass freely through a 
70 or even an 80 mesh screen, it is only very slowly and incom- 
pletely acted upon by 50° B. sulphuric acid. 
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Several popnlar methods of griudiug now give great satiBfactLon 
on the industrial scale, and of these we may mention the plants 
which comprise^ 

F%rst. — A Blake stone-cnisher for reducing the lumps to the 
Bize of small marbles, attached to a set of Frenuh burr mill-stones 
fitted with revolving screens up to 90 or 100 mesh. 

Second. — The Sturtevaut mill and crusher, which is composed 
of two cylindrical heads, or cupB, arranged upon the opposite sides 
of a case, into which they slightly project, facing each other, and ai-e 
made to revolve in opposite directions. The rock, being conveyed 
to the interior of the case through the opening at the top, is re- 
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tained and prevented from dropping helow the revolving heads or 
cups by a cast-iron screen, and entering, as it must, the heads or 
cups in revolution, is immediately thrown out again from each cup, 
in opposite directions, with such tremendous force that the rock 
from one cap in the collision with the rock thrown oppositely from 
the other cnp is crushed and pulverized, and the grinding, which 
otherwise would be upon the mill, is transferred to the material, 
which is at onee reduced to powder. 

The mill is composed of four elementary parts — a case, two 
hollow heads or cups, and a screen. 

The principle of its construction is shown in the above cross- 
Bection of its elementary parts. 
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B B !I represent the two opjwsitc heads or cii|>8 nf the milt hoM- 
Phg tlif two busUiiigs E E, whkli ulightly project into the 
Al / Z, till* HtoiK' hollow cones are shown (which form themsel' 
in each head by tlie packing of the rooks being ground after the 
machine has been run & few moments). The hopper is filled with 
rocks, which drop into the case of the machine between the two 
heads. In a few momenta after the mill has started the two stone 
hollow cones Z Z form themselves and become as hard as the 
rock. When these hollow cones have formed, the centrifugal force 
given by their revolution will hurl out of the hollow cones in the 
general directions indicated by the arrows all the rocks that are 
forced into them. The iron ton fining-screen C is of very small 
diameter, and an imjiortant object is accomplished by this arrange- 
ment. The ground rock is let out of the screen St once. 

We have found it advisable to attach a set of rock-emery 
stones to this mill for grinding the fine tailings, which amount to 
about thirty per cent. In this way the average milled product of 
TO-mesh may be fairly taken as about two tons per hour. 

Third. — The GrifSn mill, which is of the class known as a 
roller and die mill, in which the material is reduced by being 
crushed by a roll running within and against the inner surface of 
a ring or die. 

It is a substantial mill and receives its {>ower by a pulley run- 
ning horizontally. From this pulley is suspended the roller-shaft, 
by means of a universal joint, and to the lower extremity of this 
shaft is rigidly secured the crushing-roll, which is thus free to 
swing in any direction within the case. 

The illustration on the next page shows that the case consists 
of the base or jian (24) containing the ring or die (70), against 
which works the roll (31) and upon the inner vertical surface of 
which the crushing is done. 

This pan or base has a number of openings through it down- 
ward outside of the ring or die which lead into a pit or receptacle 
below. Upon this base is secured the screen-frame {H), which is 
surrounded with a sheet-iron cover (45) and to the top of which is 
fastened a conical shield (25) open at the apex, through which the 
roll -shaft works. 

To this cone is attached the feeder-arm (34) by means of which 
the automatic feeder is operated. The crush ing-i-oU is attached to 
the end of the lower or roll-shaft (l), and just above the roll is the 
fan (7). On the under side of the roll are shown shoes or ploughs 
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(5), varying in shape according to the nature of the work to be done. 
The pulley (17) revolveii upon the tapered and adjuetable beaving- 

Btud (20), which is in turn supported by tho frame composed of the 
standards (33). Two of these HtandardR (23a) ai'e extended above 




the pulley to carrj the arras (22) in wh eh la secured the hollow 
journal pin (1") \\ th the pull y b the n^ersal joint from 
which the loll shaft (1) » susj ended Th h ju i\» composed of 
the ball or sphere (9) with trunnions attached thereto. Theao 
trunnions work in half-boxes (11) which slide up and down in re- 
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8 in the pi)llcj:-hea<l casting (16). The joint in the pulley is 
inclosvil by nifausof th* cover (13), timekeeping the working parts 
away from all liust and grit, and lubricating oil is supplied for all 
partM needing it through the hollow pin (12). 

When the mill ia started, the pulley and the roller-shaft revolve 
togethtr, the roller hanging free in the centre of the ring, when, the 
nbaft being puttbed outward, the roll ou its lower end comes in con- 
tact with the ring or die and immediately begins to travel around 
on the latter'a inner surface, pressing against it with a force euffi- 
cient to effectually pulverize anything that comes in its way. The 
material tu be reduced is fed into the mill in sufficient quantity to 
fill the pan as high as the shoes or ploughs on the lower side of the 
roll. The ploughs then stir it up and throw it againat the ring, so that 
it is acted upon by the roll, and when fairly in operation, the whole 
body of loose material whirls around rapidly within the pan and up 
against the screens, through which all that is sufficiently fine passes 
at once, the coarser portion falling down to be acted upon again. 

The universal joint, by which the roll-shaft is connected with 
the pulley, allows perfect freedom of movement to the roll so that 
it can easily pass over obstructions of any kind. Pieces of iron or 
steel, such as are usually found in all rock to be ground, do no dam- 
age to the niilL 

In dry grinding the fine material that passes throngh the screens 
falls downward through the openings outside of the ring into the 
receptacle underneath, from which it is carried by a conveyer pro- 
vided for that purpose. 

The fan attached to the shaft above the roll draws a small 
quantity of air in at the top of the cone, forcing it through the 
screens and out into the discharge, thus effectually keeping all 
dust within the mill. 

It is stated of this mill that four tons of South Carolina phos- 
phate rock (seventy-five per cent, of which would pass through a 
70-mesh screen) may be ground and passed through the ecreens in 
an hour. 

Fourth. — The Frisbee-Lucop phosphate mill, which is built of 
steel and weighs about three tons. It is driven by belt, develops 
a speed of 300 revolutions under full feed, requires 18 horse-power, 
and is said to be capable of grmding 15 tons of phosphate rock 
to a fineness of No. 150 mesh, per day of ten hours. 

The pulverization of the material is effected by heavy cylin- 
drical rollers which are caused to revolve upon the inner surface 
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of a steel ring, against which they exert a pressure of some 2000 
pounds per square inch. The effect of this force is augmented by 
a differential grinding motion imparted hy the drivers. 

As fast as it is produced, the pulverized is separated from the 
coarse material, by gravity, being drawn from the mill through 
pipes connected with the top of the casing by an exhaust-fan, and 
carried to settling bins or chambers. 

Five different varieties of steel, each having special character- 
istics suited to the requirement, are used for the interior or work- 
ing parts of the machine. The wearing parts, being few in number 
and simple in shape, arc readily replaced when worn. 

The construction of the mill will be easily understood from the 
following transverse vertical section through its centre. 

The shaft S is of hammered steel, 39 inches between bearings^ 




which are 3^ inches by 10 inches long. Pulleys are double-arm, 
fast and loose, 28 inches in diameter by 8-inch face. 

To the shaft is keyed the driving-arm A A previously forced 
on. This is a solid casting 6^ inches thick through the ends and 
9j inches through the flanges or hub. The rear ends of the arm 
are made concave to receive the rolls when the mill is at rest. 
Upon both sides of the arm are fastened the discs D D, annular 
plates fitting around the flanges of the arm and flrmly secured to 
it by two disc-bolts 1| inches in diameter. 

Between the discs are placed the drivers E E, two in number, 
ri^dly bolted to the discs by the two driver-bolts, 1^ inches square. 
The drivers are cylindrical, 6j^ inches long by 6 inches diameter, 
made of cast-steel or forged iron, and weigh 45 pounds each. When 
worn by contact with the rolls they may be turned a quarter cir- 
cumference on the bolt. This may be repeated until the four 
sides are worn. 
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o«mc« in tbe puUe}:-bi>sil c^Rting (16), The joint in the pulley is 
iiicIoBiHt by incaiiBof the cover (13), lhu» keeping the working parts 
away from alt dust and grit, and luhrioating oil is supplied for all 
(larts netiding il through the hollow pin (12), 

When llieniill is Mtitrted, the pulley and theroller-sbaft revolve 
together, the roller hanging free in the centre of the ring, when, the 
nhafl being pushed outward, the roll on its lower end comes in con- 
tact with the ring or die and immediately begins to travel around 
on the lattcr'M inner surface, pressing against it with a force sufli- 
cient toeSeclually pulverize anything that comes in its way. The 
material to be reduced is fed into the mill in sufficient quantity to 
fill the pan as high as the shoes or ploughs on the lower Hide of the 
roll. The ploughs then stir it np and throw it against the ring, so that 
it is acted upon by the roll, and when fairly in operation, the whole 
body of loose material whirls around rapidly within the pan and up 
against the screens, through which all that is sufficiently line passes 
at once, the coarser jwrtion falling down to be acted upon again. 

Tile universal joint, by which the roll-shaft is connected with 
the pulley, allows perfect freedom of movement to the roll so that 
it can easily pass over obstructions of any kind. Pieces of iron or 
steel, such as are usually found in all rock to bo ground, do no dam- 
age to the mill. 

In dry grinding the fine material that passes through the screens 
falls downward through the openings outside of the ring into the 
receptacle underneath, from which it is carried by a conveyer pro- 
vided for that purpose. 

The fan attached to the shaft above the roll draws a small 
quantity of air in at the top of the cone, forcing it through the 
screens and out into the discharge, thus effectually keeping all 
dust within the mill. 

It is stated of this mill that four tons of South Carolina phos- 
phate rock (seventy-five per cent, of which would pass through a 
TO-mesh screen) may be ground and passed through the screens in 
an hour. 

M>iirth. — The Friabee-Lueop phosphate mill, which is built of 
steel and weighs about three tons. It is driven by belt, develops 
a speed of 300 revolutions under full feed, requires 18 horse-power, 
and is said to be capable of grinding 15 tons of phosphate rook 
to a fineness of No. 150 mesh, per day of ten hours. 

The pulverization of the material is effected by heavy cylin- 
drical rollers which are caused to revolve upon the inner surface 
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of a steel ring, against which they exert a pressure of some 2000 
pounds per square inch. The effect of this force is augmented by 
a differential grinding motion imparted by the drivers. 

As fast as it is produced, the pulverized is separated from the 
coarse material, by gravity, being drawn from the mill through 
pipes connected with the top of the casing by an exhaust-fan, and 
carried to settling bins or chambers. 

Five different varieties of steel, each having special character- 
istics suited to the requirement, are used for the interior or work- 
ing parts of the machine. The wearing parts, being few in number 
and simple in shape, are readily replaced when worn. 

The construction of the mill will be easily understood from the 
following transverse vertical section through its centre. 

The shaft S is of hammered steel, 39 inches between bearings. 
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whicb are 3J inches by 10 inches long. Pulleys are double-arm, 
fast and loose, 28 inches in diameter by 8-inch face. 

To the shaft is keyed the driving-arm A A previously forced 
on. This is a solid casting 63^; inches thick through the ends and 
9i^ inches through the flanges or hub. The rear ends of the arm 
are made concave to receive the rolls when the mill is at rest. 
Upon both sides of the arm are fastened the discs D D, annular 
plates fitting around the flanges of the arm and firmly secured to 
it by two disc-bolts 1| inches in diameter. 

Between the discs are placed the drivers B B, two in number, 
rigidly bolted to the discs by the two driver-bolts, I^ inches square. 
The drivers are cylindi'ical, Q^ inches long by 6 inches diameter, 
made of cast-steel or forged iron, and weigh 45 pounds each. When 
worn by contact with the rolls they may be turned a quarter cir- 
cumference on the bolt. This may be repeated until the four 
sides are worn. 
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tbt> pnllcjr-hbail casting (16). The joint in the pulley is 
L'IboIosciI by missus of thir cover ( ) 3), lhii» keeping Uie working parts 
Vftway from nil (lust uml grit, ami titbrioating oil ia supplied for all 
K^arta needing it through the hollow pin (12). 

When the mill ih elartecl, the pulley and the roller-shaft revolve 
BtOgethfr, the roller lianging free in the centre of the ring, when, the 
'laft Wing puHhed outward, the roll on its lower end comes in con- 
l-taot with the ring or dl« and immediately begins to travel around 
on the latter'u inner tiurfa^'e, prestiing against it with a force sulti- 
cient to effectually pnlveriKe anything that cornea in its way. The 
material to be reduced is fed into the mill in suflicient quantity to 
fill the pan as high as the shoes or ploughs on the lower Hide of the 
roll. The ploughs then stir it up and throw it against the ring, so that 
it is acted upon by the roll, and when fairly in operation, the whole 
body of loose material whirls around rapidly within the pan and up 
against the screens, through which all that is sufficiently fine passes 
at once, the coarser portion falling down to he acted upon again. 

The universal joint, by which the roll-shaft ia connected with 
the pulley, allows perfect freedom of movement to the roll so that 
it can easily pass over obstructions of any kind. Pieces of iron or 
steel, such as are usually found in all rock to be ground, do no dam- 
age to the mill. 

In dry grinding the fine material that passes through the screens 
falls downward through the openings outside of the ring into the 
receptacle underneath, from which it is carried by a conveyer pro- 
Tided for that purpose. 

The fan attached to the shaft above the roll draws a small 
quantity of air in at the top of the cone, forcing it through the 
screens and out into the discharge, thus effectually keeping all 
dust within the mill. 

It is stated of this mill that four tons of South Carolina phos- 
phate rock (seventy-five per cent, of which would pass through a 
VO-mesh screen) may be ground and passed through the ecrtiens in 
an hour, 

f\iiirth. — The Frisbee-Lncop phosphate mill, which is built of 
steel and weighs about three tons. It is driven by belt, develops 
a speed of 300 revolutions under full feed, requires 18 horse-power, 
and is said to be capable of grinding 15 tons of phosphate rock 
to a fineness of No. 150 mesh, per dav of ten hours. 

The pulverization of the material is effected by heavy cylin- 
drical rollers which are caused to revolve upon the inner sorface 
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of a Bteel ring, agaiDst which they exert a preseiire of some 2000 
pounds per square inch. The effect of this force iu augmented by 
a differential grinding motion imparted by the drivers. 

As fast as it is produced, the pulverized is separated from the 
coarse material, by gravity, being drawn from the mill through 
pipes connected with the top of the casing by an exhaust-fan, and 
carried to settling bins or chambers. 

Five different varieties of steel, each having special character- 
istics suited to the requirement, are used for the interior or work- 
ing parts of the machine. The wearing parts, being few in number 
and simple in shape, are readily replaced when worn. 

l^e construction of the mill will be easily understood from the 
following transverse vertical section through its centre. 

The fihaft S is of hammered steel, 39 inches between bearings. 




which are 3i inches by 10 inches long. Pulleys are double-arm, 
fast and loose, 28 inches in diameter by 8-inch face. 

To the shaft is keyed the driving-arm A A previously forced 
on. This is a solid casting 6^ inches thick through the ends and 
9^ inches through the flanges or hub. The rear ends of the arm 
are made concave to receive the rolls when the mill is at rest. 
Upon both sides of the arm are fastened the discs I> D, annular 
plates fitting around the flanges of the arm and flrmly secured to 
it by two disc-bolts 1| inches in diameter. 

Between the discs are placed the diivers B B, two in number, 
rigidly bolted to the discs by the two driver-bolts, 1^ inches square. 
The drivers are cylindrical, 6jJj inches long by 6 inches diameter, 
made of cast-steel or forged iron, and weigh 45 pounds each. When 
worn by contact with the rolls they may be turned a quarter cir- 
cumference on the bolt. This may be repeated until the four 
sides are worn. 
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cesses in the pulley-head casting (16). The joint in the pulley is 
inclosed by means of the cover (13), thue^ keeping the working parts 
away from all dust and grit, and lubricating oil is supplied for all 
parts needing it through the hollow pin (12). 

When the mill is started, the pulley and the roller-shaft revolve 
together, the roller hanging free in the centre of the ring, when, the 
shaft being pushed outward, the roll on its lower end comes in con- 
tact with the ring or die and immediately begins to travel around 
on the latter's inner surface, pressing against it with a force suffi- 
cient to effectually pulverize anything that comes in its way. The 
material to be reduced is fed into the mill in sufficient quantity to 
fill the pan as high as the shoes or ploughs on the lower side of the 
roll. The ploughs then stir it up and throw it against the ring, so that 
it is acted upon by the roll, and when fairly in operation, the whole 
body of loose material whirls around rapidly within the pan and up 
against the screens, through which all that is sufficiently fine passes 
at once, the coarser portion falling down to be acted upon again. 

The universal joint, by which the roll-shaft is connected with 
the pulley, allows perfect freedom of movement to the roll so that 
it can easily pass over obstructions of any kind. Pieces of iron or 
steel, such as are usually found in all rock to be ground, do no dam- 
age to the mill. 

In dry grinding the fine material that passes through the screens 
falls downward through the openings outside of the ring into the 
receptacle underneath, from which it is carried by a conveyer pro- 
vided for that purpose. 

The fan attached to the shaft above the roll draws a small 
quantity of air in at the top of the cone, forcing it through the 
screens and out into the discharge, thus effectually keeping all 
dust within the mill. 

It is stated of this mill that four tons of South Carolina phos- 
phate rock (seventy-five per cent, of which would pass through a 
VO-mesh screen) may be ground and passed through the screens in 
an hour. 

Fourth, — The Frisbee-Lucop phosphate mill, which is built of 
steel and weighs about three tons. It is driven by belt, develops 
a speed of 300 revolutions under full feed, requires 18 horse power, 
and is said to be capable of grinding 15 tons of phosphate rock 
to a fineness of No. 150 mesh, per day of ten hours. 

The pulverization of the material is effected by heavy cylin- 
drical rollers which are caused to revolve upon the inner surface 
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of a. steel ring, against which they exert a pressnre of some 2000 
pounds per square inch. The effect of this force is augmented by 
a differential grinding motion imparted by the drivers. 

As fast as it is produced, the pulverized is separated from the 
coarse material, by gravity, being drawn from the mill through 
pipes connected with the top of the casing by an exhaust-fan, and 
carried to settling bins or chambers. 

Five different varieties of steel, each having special character- 
istics suited to the requirement, are used for the interior or work- 
ing parts of the machine. The wearing parts, being few in number 
and simple in shape, are readily replaced when worn. 

The construction of the mill will be e^ily understood from th© 
following transverse vertical section through its centre. 

The shaft S is of hammered steel, 39 inches between bearings. 




which are 3J inches by 10 inches long. Pulleys are double-arm, 
fast and loose, 28 inches in diameter by 8-inch face. 

To the shaft is keyed the driving-arm A A previously forced 
on. This is a solid casting 6^ inches thick through the ends and 
9i inches through the flanges or hub. The rear ends of the arm 
are made concave to receive the rolls when the mill is at rest. 
Upon both sides of the arm are fastened the discs D D, annular 
plates fitting around the flanges of the arm and tirmly secured to 
it by two disc-bolts If inches in diameter. 

Between the discs are placed the drivers B B, two in number, 
rigidly bolted to the discs by the two driver-bolts, 1^ inches square. 
The drivers are cylindrical, R^ inches long by 6 inches diameter, 
made of cast-ateel or forged iron, and weigh 45 poundseach. When 
worn by contact with the rolls they may be turned a quarter cir- 
cumference on the bolt. This may be repeated until the four 
sides are worn. 
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Th*w are two rolls, R R, of chrome steel, H inches in diaraeter 
flty O-ini'li fat*, weiyUiugabout 80 jtoiinds eaeh. They are held free 
I In jHiHiiiuii by the disoa b«tweeu their drivers and th(> rear ends of 
I Ihe arm. 

The fan -hi ail en F F, four in n amber, are of §teol or 

inght-iroD and are firmly faeteneii on each disc exteriorly by 
Itlie diso-bolt and dowel-pin, and distribute the material to be put- 
I'Tenzed into the path of the rolls. 

Four liners, L L, or thin steel plates are placed between the 




ends of the rolls and the disci 
wear off the ends of the roils. 

The revolving parts of the mill centred within the ring have 
all a uniform motion with the shaft, but the rolls have an inde- 
pendent motion around their axes. The ring G (j is of rolled 
steel, 6 inches face and 3 inches in thickness, held in position by 
wedge.keys K K to the casing of the mill C C Exterior to 
the " centre " are two wiiiall circulating fans (wrought blades in a 
east hub), the purpose of which is to keep the pulverized material 
in circulation so that it may be readily withdrawn by the exhaust- 
fan which carries the product of the mill to the settling-bins. 

The casing of the mill is of cast-iron, divided horizontally. 
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The upper and lower halves are held together by hinged bolts in 
slots cut in the flange of each section. The upper half is hinged 
to the lower at one side and is easily raised so as to give free 
access to the interior .of the mill for examination and the replacing 
of worn parts. The casing and the three pedestal bearings for 
the shaft are seated upon a heavy bed-plate as indicated in the illus- 
trations. Being a balanced machine it does not require elaborate 
or expensive foundations. 

The difficulty of estimating the exact cost of grinding phos- 
phates to a fineness of 70 or 80 mesh, either by the methods we 
have thus described or any others now in use and perhaps equally 
good, is naturally very considerable, since so much must, perforce, 
depend upon the nature of the material itself. We have seen it va- 
riously estimated at from 50 cents to $2 per ton, and have even met 
those who claim to be able to do the needful work for less than 
the first figure. As a matter of sober fact, however, we have 
found that in practice, when breakages, repairs and general wear 
and tear are taken into account, $1.50 per ton is more like the 
proper figure, and we therefore usually adopt it as a fair basis 
for calculations. 

The operation of grinding having been satisfactorily performed, 
the phosphate is submitted to complete analysis and, its chemical 
composition being thus known, is finally conveyed to the mixer. 

The mixing together of the raw materials in the proportions 
determined by proper computation is performed in a commodious 
shed, of which the annexed drawing will convey the necessary under- 
standing. It must be near to the sulphuric-acid chambers, and 
directly connected with a high shaft or chimney and a condensing 
apparatus or scrubber ; the latter for absoibing the noxious fumes 
set free by the decomposing mass. 

A strong brickwork shell with a good foundation is built in 
the centre of the shed. This shell is divided off into from six to 
twelve chambers or "dens" some 15 feet square and 20 feet high, 
each of which must communicate, by means of a good-sized flue, 
with the scrubber and factory chimney. 

The air-tight iron doors of the " dens " must slide easily back- 
ward or forward when the superphosphate has become dry enough 
to be dug out. 

The tops of the " dens " are fitted with mixers of cylindrical 
shape about 10 feet long, 3 feet in diameter and 4 feet high. 
The mixer may be constructed of wood lined with sheet lead, or 
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of brick, or of iron, or in fact any suitable material in accordance ^ 
with tho fancy. It stands over the dividing wa!l of two " dens ;' 
generally provided with movable traps for discharging its contents | 
at either of its ends and with a rcvolv'ng axle or shaft fitted with i 
arms or spiraU. It ubould have a hopper and a gas-flue, and the 
driving gear must be of wrought-iron. Banning into it from the J 




SIDE VIEW or A 8UPKKPH0SPHATE WOBK9. 
A, Diicharae from mixa- to "den." 1,2,3.*, Erit-fitiea condueliag fames I- 

top directly under tho hopper is a 2-inch lead pipe fitted with a. 
Btop-cock and connected with a tank of sulphuric acid placed di- 
rectly overhead. The acid tank is provided with a gauge which 
shows the exact amount of liquid run into each batch as required 
by calculation. The tank communicates in its turn with the acid 
reservoirs from which, when emptied, it is replenished by a pnmp^ 
The phosphate is brought forward from the mill in buckets 
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endless cliain. Eacli bucket holds a known weight of material and 
each empties itself into the hopper of the mixer. Where there is 
no conveuience for establishing an endless chain, the material caa 
be carried to the hopper in sacks direct from the mill. When 
this hopper contains 1000 pounds of the powder, the acid lap 
underneath it is turned on, the agitators of the mixer are aet in 
motion, and then the powder is allowed to run in a steady stream 
from the hopper. 

When all the acid and the phosphate are in the mixer, the 
agitators are made to revolve with swiftness and energy for about 
two minutes, after which the trap of the mixer is opened and its 




contents, a thick mud or mortar-like mass, are shot from it into 
one of the "dens" at its either extremity. 

These operations are repeated until the "den" is full, care 
being taken to keep the gas-flues open and to see that the acid 
always runs into the mixer in advance of the powder. A neglect 
of the latter precaution invariably results in aerioua difficulties 
from clogging. 

Each ohai'ge should be equal to an average of about IBOO 
pounds, and each "den" sbotild hold about 120 tons. Assuming, 
therefore, the length of time required for running a charge to be 
five minutes, it is an easy matter to fill up a " den " each day of ten 

Krking bout's. 
The mixed mass enters the "dens" in a fiemi-liqind state and 
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•oon Iwoomes exm-iiifly hot, generally altaining a temperature ni 
from asu" tu LM'r F. Wlicii iiropuHy irompoKcd it commences to 
"wet" almuMt at unev, anil at the end of tlie second day is eufli' 
cicntly hnnl to Ixt ting out of the "den" with picks and sborelR. 

In thia Htato it is loaded into automatic dumping-cara and pile 
np in heaps, all large lumps being broken down by a blow from 
the shovel, tn a couple of days it is rea<ly to pass through a ilis- 
inii-'grator and may then be put up in V)ag8. 

Tfat! average superphosphate manufactured in tbiit country cor 
tains about thirteen to fourteen per cent, of "available" FjOj, 
but the rapid development of the industry during the past few 
years has led to the introduction of what are known as " high- 




grade supers," containing about forty-five per cent, of phoaphorio 
anhydride (PjOj) in a "water" and "citrate" soluble form. The 
plan upon which these goods are produced is perfectly Bcientifio 
and rational, much more bo, in fact, than the one wo have just 
described, for it consists in using phoBphoric acid aa the solveut in 
lieu of the oil of vitriol. 

The theory of the action of phosphoric acid upon pure phos- 
phate of lime may be explained by either of the two following 
simple equations, or, to speak moi-e correctly, by a combinatioa 
of both of them : 

Ca.P.O, + 4(H,P0il -H 6H,0 = 3 CaH,(PO,)2(H,0)8 

1 insoluble tri- + 4 phosphoric + 6 water =3 crystallized "acid" 
(«.k'ic. phos- or " soluble " pho»> 

phate phato. 
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2Ca8P,08 + 2(H3P0J + I2H3O = 3 Ca,Hj(PO J2(H,0)4. 
2 insoluble tri- + 2 phosphoric H- 12 water = 3 crystallized neutral 

calcic phos- acid phosphate, soluble in 

phate neutral citrate of am- 

monia. 

The advantages offered by the cheap production of such an 
article as this in commercial form are, of course, too manifest to 
need any elaborate explanation, but it may nevertheless not be out 
of place to mention a few of them. 

In the manufacture of superphosphates we have seen that the 
desired solubility, either in water or in citrate of ammonia, is at- 
tained at the cost of doubling the bulk of the raw material by the 
addition of an acid which practically serves no other purpose and 
has no other value than as a dissolvent. If the original matenal, 
therefore, contain sixty per cent, of tricalcic phosphate, the " super '^ 
can only contain thirty per cent., and this, from the agricultural 
consumers' standpoint, is certainly an anomaly, and, apart from 
any question of solubility, must remain so for two reasons : 

1. A ton of sixty-per-cent. phosphate of lime, finely ground but 
insoluble in water or citrate of ammonia, can be purchased at some 
central point for, say, $10. 

2. A ton of superphosphate, containing only thirty per cent, 
phosphate of lime, cannot be purchased at the same spot for less 
than $15. 

In the one case, freight is paid upon only forty per cent, of inert 
material, whereas in the other it is paid upon seventy per cent. 

Apart from the perfectly legitimate profits attached to the 
manipulation and transformation of a sluggish into an active body, 
those who at present derive the greatest benefit from the trade in 
fertilizers are the railroad companies. If it were for no other 
object than the reduction of freight charges to a minimum limit, it 
is consequently worth while to consider the advisability of substi- 
tuting for the old method of manufacture, the one which we shall 
now attempt to describe. 

The details of superphosphate mixing, and the reactions involved 
in the process, have been gone over in a sufticiently ample manner 
to prepare the way for the statement, that the cheapest and best- 
known method of producing phosphoric acid is by displacing it from 
its combination with phosphates of lime by means of oil of vitriol. 

The proportion of phosphoric acid contained in the raw material 
being a matter of only relative importance, the adoption of such a 
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method wonlcl opon up a channel for the use of many low-grade 
|jhoaphatoH, which now, for lack of a market, are practically of do 
value. The only eflaeDtial conditions to be fulfilled are : 

A, Tliat the material xhall contain a minimum of carbonate oE 
limp, in order that no imneceBsary excess of sulphuric acid net^d be 
used. 

Jt. That it shall contain as small a percentage as possible of any 
combination of ii-oii and alumina, both of which, beeidea being diffi- 
cultly fiolublb, contribute to the formation of a gelatinous mass thai 
seriously interferes* with the proper carrying out of the operations. 
In order to ascertain the quantity of sulphuric acid necessary to 
insure the desired reaction, it is of course CNBential that the exact 
composition of the raw material be first determined by a reliable 
analysis. Supposing ourselves to be in possession of this informa- 
tion, we may imagine that we are called upon to deal with a 
mineral phosphate containing : 

Moisture and organic matter 4.00 

Phosphate of litue BH.OO 

Carbonate ot lime 8.50 

Phosphates of iron and alumina S.50 

Carbonate of ma^esia 0.76 

Fluoride of time 8.25 

Sandy and siliceous matters 28.00 



The quantity of oil of vitriol of various strengths required for 
the complete liberation of all the phosphoric acid, and the satisfac- 
tion of all the bases in such a sample as this, is very readily calcu- 
lated from the figures in the following table : 

TABLK SHOWING THE AMODNT OF CHAMBER SUtPHuaiC ACH) OF VARIOUS 
STRENGTHS REQUIRED m THK MANUFACTURE OF FHOSPHORIO ACID FROK 
NATURAL PHOSPHATES. 



Every pcmud ot 
1 he following 
sulwi_anpe» re- 


Acid 
Piiimis. 


Aot.i 


Add 
pQumla 


Acid 
Pounitfl 


Pounds. 


Acid 
Pound's 


Acid 
PouiSa. 

,.s» 

1.438 
1.430 
1.756 
1.600 
1.830 


65^ B. 
Pouudi 


Tri calcic phov 

phBteoflime 
Carbonate of 

Phosphate of 

Phosphate ol 
alumina. 

Carbonate of 
mapnesia.... 

Tluoride of 
lime 


1.5B0 
1.040 
1.G30 
2.025 
1.040 
2.006 


1.554 
1.605 
1.585 
3.008 
1.905 
2.059 


1.517 
1.565 

1.558 
1.930 
1.880 
2.010 


1.482 
1.535 

1.521 
1.884 
1.815 
1.S63 


1.446 
1.405 

1.485 
1.839 
1.775 
1.016 


1.408 

1.458 
1.446 
1.790 
1.72S 
1.866 


1.352 
1.411 
1.390 
1.721 
1.680 
1.794 
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Selecting an acid strengtli of 50° E. for our illustration, we 
shall fiad that our sum will work out thus : 

53 lbs. phosphate of lime x 1.517 = 83. 441bs.vitrioloI50' B. 

3.50 ■• carbonate of lime X1.565= B.48 " " " 

6.50 " phosphate of ironand alumina X 1.830 = 12.55 " " " 

0.73 " carbonate of magnesia X 1.860= l.M " " " 

3,2S " fluoride of lime X3.010= 4.52 " » ■' 

Total sulphuric acid of 50' B. strength re- 
quired for every 100 pounds of the above 
phosphate 107. 3B lbs. 

The decomposition of the raw material is effected in large wood- 
en tanks made of suitable wood and provided with wooden agitators, 

2147 pounds 60° B. Bulphuric acid are run into each tank and 
diluted with water until its strength is reduced to 14° B. The 
agitators are now set in active motion, and 2000 pounds of the phos- 
phate, finely ground aa directed for superphosphate manufacture, 
are slowly added and the etirring is continued for five hours. Open 
Kteam is occasionally blown in by an injector through the side of 
the tank, in order to keep up the temperature of the mixture. 

At the end of the specified time the cream from each tank is 
i-un ofE into filters — large wooden vessels lined with lead and pro- 
vided with false bottoms. 

The hydrated sulphate of lime here separates from the solution 
of phosphoric acid, the latter passing thron^h the filter as a bright 
straw-colored fluid, of a gravity which, at first, is about 12° B., 
but which gradually gets reduced by careful washing to 1° B. 

By the exercise of ordinary care and precautions, all cracks on 
the surface of the gypsum contained in the filters may be avoided, 
for were they to be formed, too ready an outlet would be afforded 
for the washing -water. The washing is stopped directly the grav- 
ity reaches 1° B., and the hydrated sulphate of lime is first piled 
up in the centre of the filters to drain, and is then uarried to the 
dump ; the last runnings from the filters, which are too weak for 
economical concentration— everything under B° B, — being used to 
dilute the sulphuric acid in subsequent operations. 

If the wooden tanks be put up on the large scale in series of 
ten, a batch of the emulsion can be discharged from them, one 
after the other, every half-hoiir, when once they are all in proper 
working order, and in this manner twenty tons of phosphate can ho 
treated per day. 
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75 Ibfl. phosphate of lime. . . X •88B require 40.88 Ibe. phosphoric add* 
7^ lbs. carbonate of lime.. X 1.600 " 18.68 <" <* 

8 lbs. iron and alumina as 

o3ddes,8ii4r X8.000 « 0.00 *' «* 

So that the total phosphoric-acid solution 
of 46* B» required to render 100 pounds 
of the above phosphate soluble In neu- 
tral citrate of ammonia is «••.. 68.66 poundsu . 

This quantity being the known required minimum, it is easy 
after one or two trials of the drying capacity of the mizture, to 
increase it at will up to any desired limit, it being evident thea the 
more it is increased the greater toiU be the amount of ^^water-sol* 
uble ** phosphate produced ! 

The mixture, when made, is dropped, charge by charge, into the 
*' dens," where it very soon sets into a porous mass, not quite dry, 
but sufficiently so to be easily dug out. This mass'is cut up into 
pieces of reasonable size and dried by hot air, in sheds constructed 
for the purpose, in any form, or on any plan, that will facilitate 
effective and rapid work. Directly it is sufficiently dryfor the 
market it is put through a disintegrator and filled into bags. 

In Europe the great superiority of this method of dealing with 
raw phosphates over the more generally established plan has been 
recognized for some years, and the high-grade product is much in 
vogue in Germany and France. The rough-and-ready plant which we 
have outlined has been supplemented in those countries by much 
labor-saving machinery in the form of mixers and filtering presses, 
the majority of which are protected by patent and chiefly manu- 
factured in Germany, at Halle an der Saale. For the purposes of 
experimental demonstration, however, we have deemed it preferable 
to dispense with a description of all costly foreign apparatus, feeling 
that we may trust to the well-known genius of our American me- 
chanical engineers for the construction of such plant as may be 
necessary in different localities, and under varying circumstances. 
When we bear in mind the proverbial conservatism of the farmer 
and his distaste for innovations, we shall see the necessity for going 
slow in this matter, for it will doubtless take some time to create 
an active demand from his direction for a concentrated superphos- 
phate. Meantime, however, those who are engaged in handling 
fertilizers as middlemen will be more readily convinced, especially 
when they appreciate the economy in transportation, if in nothing 
else, which such a product will afford. How great this economy 
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really is can easily be shown by a few figures which, while not pre- 
sented as the actual cost at which large and well-situated manu- 
facturers could produce it, will suffice for purposes of illustration. 

Commencing with the cost of phosphoric acid and assuming 
the factory to be located at a point within easy access by rail or 
"by water, or both, we may calculate that 

1 ton of 2000 pounds mineral phosphate, containing fifty 

to sixty per cent, phosphate of lime will cost $4.00 

Grinding same to a flneness of 70 to 80 mesh. .. *' 1.50 

2130 pounds chamber sulphuric acid of 50** B. at. say, 

17.00 per ton will cost 7.50 

Labor of mixing and filtering, wear and tear, etc., cal- 
culated at the rate of, say, $1 per gross ton of raw 
material handled will cost 2.00 

Concentration, labor, wear and tear of plant, calculated 

at $1 per gross ton of raw material will cost 2.00 

Total net cost of producing, say, 1000 pounds 

of 45** B. phosphoric acid 117.00 

Cost of the 45" B. phosphoric acid per ton of 

2000 pounds $34. 00 

Passing now to the manufacture of high-grade superphosphate 
"by decomposing the mineral phosphates with this acid instead of 
"with chamber sulphuric acid, we shall find that it works out thus: 

1 ton mineral phosphate, containing seventy-five to 
eighty per cent, tribasic phosphate, and of about the 
general composition shown in the examples selected 

for former calculations will cost $14.50 

Grinding same to 70 or 80 mesh ** 1.50 

1 ton phosphoric acid of 45° B ** 34.00 

Cost of mixing, manipulating, drying, pulverizing and 
bagging the finished material, calculated at $2 
per ton of material used 5.00 

$55.00 

The net product of the mixture after allowing fifteen 
per cent, for loss, by evaporation and in manufact- 
ure, will be, say, thirty-four hundred pounds. It 
will contain fifteen hundred and thirty pounds of 
phosphoric anhydride (PgO^) and costs $55.00 

Its cost per ton, ready for market, and containing forty- 
five per cent, of mixed water-soluble and citrate- 
soluble phosphoric anhydride will therefore be $32.50 

Or a little over SJ cents per pound of phosphoric anhydride. 
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Since, as we have already explained, the gi'eat bnlk of our super- 
l-^osphate in not made to contain more than from twelve to four- 
teen per cent, of phosphoric acid solubk* in water and amtnotiiuni 
citrate, and wince it, for thin reason, only repreaents on an average the 
equivalent of thirty per cent, of bone phosphate of lime made aolu- 
ble, it necessarily follows that more than three tons of it would be 
required to equal one loii of the concentrated or high-grade ma- 
terial. The latter contains the equivalent of ninety-nine per cent. 
of bone phosphate of lime, made practically as soluble and eqiiiilly 
available, anil is therefore, as we have said, specially adapted to the 
requirements of the middleman. The distribnter would only pay 
freight on one ton where he uow p3.yH it on three, and could, if he 
BO desired, dilute it down to the ordinary commercial strength by 
the addition of gypsum, or any other convenient and low-priced 
tiller. 

A fruitful subject for angry discussion and costly litigation has 
been that bearing on the noxious vapors evolved during the manu- 
facture of fertilizers from any of the phosphates we have described. 
It has been urged, and, to our minds, very consistently, that we 
should apply to them the same methods so successfully used in 
suppressing the devastating fumes from other chemical works, 
and there cannot be a doubt that if this were done, the present 
menace to the health and comfort of the workmen, and others 
employed in and about the neigliborhood, would disajipear. 

As we h.ive already pointed out, the fumes of fertilizer fac- 
tories chiefly consist of carbonic acid, hydrofluoric acid, silicic 
tetrafluoride, sulphuric acid and steam ; and of all these, the most 
dangerous to life and health are the compounds generated by- the 
liberation of fluorine from thefluoride of calcium, the average pro- 
portion of which in our phosphates may be safely taken at about 
three per cent. The quantity of deadly vapor thus becomes very 
large in some of onr big works, but it need not necessarily be alarm- 
ing provided the gas-flues be properly worked. A ventilating- fan 
would easily conduct it all into the scrubber, where, meeting with a 
flne spray of very cold water, it would immediately be decomposed, 
hydrofluosilicic acid and gelatinous silica being formed. The acid 
could either be washed away into the main sewers or passed off into 
an open drain, and the finely divided silica could be allowed to de- 
posit itself on the bottom of the condenser. 

Mr. John Morrison, an English chemical engineer of great abil- 
ity, who has done a great deal of v.iluable work in this connection 
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and devised the very practical scrubbing apparatus aliown in the 
annexed sketch, says that the mixer fumes possess within them- 
selves every element needed for their speedy deNtruction and but a 
single element (heat) to in any way retard it ; and this is quita 







true. lie objects, therefore, to the introduction of steam, on the 
ground that with every ton of KiipeqjhoKphate produced at least 
five per cent, of water in the form of steam is evolved, and as such 
a quantity is quite sufficient to saturate the effluent gases it is use- 
less to employ any more. While a steam-jet will aid the draught ; 
augment the agitation of the gases ; and liasleti the purilication of 
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«n atmosphere thickly laden with ii ok ions vapors, it m nevel-lhe^es(l 
demoDBtrable that to the extent of the heat liberated in its own 
(JO iid en sat ion, it retards the perfect filtration of the residual vapors, 
wid anyben«lit auc-ruiug from itf$ introduction is wholly dispro^mr- 
tionate either to its quantity or its expense. 

The most important point is to cool the gases by draughtage 
into chambetH or fluea of sufficient area or length, and where this 
can be managed economically little mure is required, for the fame 
will quietly subside of itself. In the majority of cases, however, a 
maximum of condensing work must be accomplished in a minimum 
of space, and hei-e the better way is to submit the gases to a sort 
of dry-scrubbing process so as to hasten the deposition of the 
fluorine compounds. How this is to be done must depend upon the 
special circumstances in each particular case, but there shculd al- 
ways be provided, within a suitable flue, a sufficient number of im- 
pingiug or baffling diaphragms, to momentarily arrest the motion 
of the gases and divert them into another direction, it being found 
that the greatest deposition of silica takes place at these eddying 
points. 

The great bulk of the solid matter being thus early aiTeeted, 
only the residual vapors now remain to be dealt with, and these are 
caused to traverse, in an npward direction, one or more water tow- 
ers or wet scrubbers, simply packed with wood spars, to pass away 
to the chimney. 

The necessary draught is created by an exhaust-fan of special 
construction actuated by the mixer engine. It is best fixed be- 
tween the towers and the chimney, and its power is controlled by 
a damper just sufficiently to secure a slight " pull in " at the mixer 
mouth. The den doors are, of course, made as tight as possible to 
avoid unnecessary dilution of the gases and interference with the 
efficiency of the fan. 

Gas dilution means reduced condensing efficiency. Tet there 
have been hosts of failures, due to a total misapprehension of the 
necessities of the case, and to the impracticable consli'uction or 
wholly insufficient capacity of the condensing plant. In the erec- 
tion of the latter two things have lo be constantly borne in mind i 
First, that the evolution of the gas is spasmodic and (especially 
in the case of hot vitriol) extremely violent when the spasm is on ; 
and, second, that every chokable part of the apparatus must admit 
of the readiest possible access. To provide for the first of these, 
the plant has lo be of ample dimensions, and unless the second be 
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remembered, the most amioying failures will ensne at most incon- 
venient seasons. 

Where such failures involve stoppages they are fatal to every 
semblance of manufacturing economy, since every unnecessary 
reduction in the day's dissolving tonnage, adds to the cost and 
diminishes the profits. 

The wet scrubbers are packed with wood spars for two reasons: 
First, because spars exert no thrust on the tower sides and so save 
the necessity of tie-rods ; and, secondly, because they seem to afford 
a maximum of interstitial, or scrubbing surface, to a minimum of 
solidity. The fire-brick packing sometimes adopted is less eco- 
nomical, for it not only largely augments the dead- weight of the 
towers, but decreases the ratio of useful surface to solid material 
by its pigeon-hole overlap. 

The spars are made of wedged section, in order to delay the 
choking of the towers, both by affording extra space for the 
deposit of silica, and by facilitating its detachment and convey- 
ance to the tower base by the action of the water. Silica depos- 
ited on the sides of square-sectioned spars, clogs the tower by 
reducing the packing spaces, whereas on wedged -section spars, a 
considerable deposit can take place without at all affecting the 
packing- mesh. 

Where economy of water is an object one tall tower is prefer- 
able to two or three shorter ones, but the best arrangement is a 
tower of moderate height, divided into two packed upcasts, with a 
downcast flue between 




CHAPTER Vm. 

OELBOnD HETHODS OF PHOSPHATE ANALYSIS AND OENEB- 
ALLY USEFUL LABORATORY DETAILS. 

Tbb vorld'i oonsamption of mineral phospbatcG and superphos- 
tAktea from all soaroea, uaoanta to several niillion tons a year. 
Tbe oommercial value, alika of thme natural and artiticial prodnots, 
depends npon tbeir peroentage of phosphoric, acid, and upon their 
freedom from oertain nndesirable oi injurious constituents aa re- 
T ealed by ahemiosl snslyBis. 

l%e misery tiie muiafaotnrer, and the f^mer, areb^oe equally 
d^tendent npon the analytical ohemist, wUoee province it ia to 
determine bow mach the two first shall reoeiTe, and how madh the 
last shall pay for the merohandise. The responnbifity is a heavy 
one for the analyst, and he mnst either jnstify it ot bnng a^reat 
deal of diaoredit npon hia profession. 

We know that chemistry is the most precise of the sciences. 
It is not only capable of producing exact results, but it can fore- 
tell with unerring certainty, even before an operation is commenced, 
what those results will be. Complete concordance in phosphate 
analysis should consequently be " a thing of course," and a dozen 
chemists in as many different parts of the globe have no right to 
differ in the second decimal in their findings on the same sample. 

An average error of no greater importance than say one unit 
of phosphate of lime, worth 20 cents, would entail, when spread over 
a total year's consumption of raw material, a cash difference of 
about $300,000. This difference, of course, constitutes a loss, 
which is sometimes borne by the miners who sell, and sometimes 
by the manufacturers who buy. 

We have seen that in certain cases where superphosphates are 
sold on the basis of their water-soluble phosphoric acid, iron and 
alumina phosphates as a raw material, have no commercial value. 
Any widely differing results obtained by chemists in their deter- 
minations of these bodies in shipments of mineral phosphates, 
therefore, may cause infinite trouble between miners and manu- 
facturers. 

At the present time there prevails between the contracting 
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parties, what appears upon its face to be an equitable arrangement 
in this connection. . The market price of the phosphate rock is 
fixed at a certain sum per unit of phosphate of lime, and it is agreed 
that this rock may contain a certain amount of oxides of iron and 
alumina without affecting its price. This tolerated amount^ how- 
•ever, must not exceed three per cent, by weight of the mass, and every 
additional per cent, of oxides of iron and alumina is to be compen- 
sated for by a proportionate deduction from the total quantity of 
phosphate of lime. 

To justify such a deduction, it is necessary to remember that in 
the initial stage of superphosphate manufacture, a great deal of 
free phosphoric acid is produced, which, in the presence of oxides 
of iron and alumina, enters into combination with them to form 
phosphates in the following proportions : 

Oxide of iron to phosphoric anhydride 1 : 0,88 

Oxide of alumina to phosphoric anhydride 1 : 1,37 

Ratio of the equally combined oxides to the acid 1 : 1,13 

It follows' from this that every per cent, of these equally 
combined oxides causes 1.13 per cent, of phosphoric anhydride 
(PgOfi) to become insoluble in water. Where "reverted" phos- 
phates are valueless, therefore, the European manufacturer is jus- 
tified in declining to pay for what will bring him no return for his 
money . 

A working example of this arrangement may serve to make it 
more clear, and will specially emphasize the necessity for conformity 
of analysis between shipper and consignee. We give an instance 
which actually turned out as follows : 

A cargo of phosphate rock was shipped from one of our ports 
to Liverpool, in fulfilment of a contract, embodying the above 
arrangement in regard to iron and alumina, and fixing the price 
of the material at 25 cents per unit of phosphate of lime. 

The analysis of the cargo (1000 tons) by the chemists at the 
ports of shipment, and arrival, respectively, showed the following 
variations: 

Shipment. Arrival. 

Phosphate of lime 78 . 30 77 . 10 . 

Oxides of iron and alumina (combined) 2 . 95 6 . 01 

These results were contested by the shippers, and the sealed 
samples, taken and reserved at both ports, were handed to four 




MpeuUa ahwniit* Two of tluM mn in Now York lad twofai 
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New York chemist No. 9 

London chemist No. t 
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17.80 
77.40 
78.01 
17.S6 


3,70 
4.01 

3.«S 
4.15 


76.95 
77.30 
76.80 
77.15 


4.86 
4.23 
4.90 
5.12 





Thes« figures ^rere, of course, unsatisfactory in themaelTes, but 
they made it clear that the greatest error bad been made, iu the 
first instance, by tbe shippers^ chemist, and it was consequently 
■rrjiiigod that tbe cargo should he paid for on the averages of tiie 
tbrce J^Qglisb chemiste, which were : , 

Phosphate of lime TJpwoont. 

OxidMof iron and alumina S " 

The original invoioes had been made oat by the ahi[^rs on the 
basis of their own analysis at the price of $19.25 per ton, but the 
final settlement stood thus : 

Oxides of iron and alumina found by analysia percent. 

" " " allowed by contract 8 " 

" " " to be paid for by sellers . 3 " 

1 : 1,1S : -. 3 : 3.36 phosphoric anhydride. 

The factor for converting phosphoric anhydride (P,0,) into 
phosphate of lime is 2.18— consequently 2.26x2.18 = 4.92 phos- 
phate of lime. 

SBTTLKUBNT OF INVOICE. 

Phosphate of lime found by analysis 77 percent. 

Deduct tbe equivalent of two per cent, iron and 

alumina as above 4.63 " 

Total phosphate to be paid for at 36 c. per unit. . . 73.08 " 
Value of the phosphate per ton, flS. 

Tbe difference 1>etween the amount of tbe original invoice and 
that of the settlement was therefore (1250. 

How are we to account for these divergencies ? Must they l>e put 
dowD to carelessness, incapacity, inexperience, bad faith, or nunst 
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we attribute them, as we have ah'eady suggested, to the faulty 
methods of sampling at either or both eiids, and to the lack of n 
nniform method by which all chemists should agree to work? The 
first four factors perhaps require to he couuted with, but there 
is no liouht in our minds that the two last are the real causes 
of the trouble, and we have long endeavored to bring about an 
agreement that would go far in causing them to diminish or dis- 
appear. If chemistB were not human, or if tbey were entirely 
superior to petty prejudices, an entente cordiale might not be very 
difficult. Unfortunately, however, every individual is prone to 
regard his own work as irreproachable, and from that very fact to 
look upon any outside suggestions of modifieation as presumptuous 
and unnecessary. In a former chapter we pointed out the advi- 
sability of chemists coming together and amving at a detinite 
understanding, but if all hope of this is to be finally abandoned as 
impracticable, there is still one way open by which to establish 
and enforce a method that shall alone be used in the settlement 
of phosphate affairs. The mine owners must act in unison and 
fix their own basis for sampling inalynng and valuation. 

Thei-e is no reason why the interests of the manufacturer 
should differ from those of the producer If phosphate of lime in 
the required form be worth a cectam price per unit, why should a 
door be left open to chicanery when the time conies to pay for it ? ■ 
Why should there be any material difference between the shippers' 
and the buyers' samples, if both are faithfully taken according to 
prescribed rules and with a proper regard for the true interests of 
each party to the contract ? 

Whatever method of analysis be chosen, it must be accom- 
panied by complete details of laboratory manipulation. The observ- 
ance of these details should be insisted upon, and must be com- 
municated to all the various chemical and industrial societies iu 
order that they may be expeditiously and officially brought before 
analytical chemists all over the world. All contracts between 
, miners and manufacturers should contain a special clause specify- 
1 ing that 

"The phosphate sold under this contract shall bo paid for at 

the rate of per unit and per ton of phosphate of lime, and 

shall not contain more than a maximum of per cent, of iron 

and alumina, calculated as oxides, on the dry basis. Every unit of 
these oxides, singly or combined, in excess of the maximum, shall 
be deemed to neutralize two units of the phosphate of lime, and 
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BUch excess sUall therefore be deducted from the total pbosphate- 
of lime found In Ibe rcaultH of chemical anatysm. 

"This chemical analysis shall be made iu duplicate, from the 
same sample, by two chemists, one representing the bnyer and the 
other the seller, and it shall be performed in strict accordance with 
the method, in all its details, hereunder Bct forth. If the two 
analyseit only exhibit on their face a maximum difference equalling 
one per cent, of phosphate of lime, such difference shall be adjusted 
by taking the mean of the two results ; but in case the difference 
should exceed this maximum, a third analysis shall be made by 
another chemist, to be mutually agreed upon by the contracting 
parties, and the settlement shall then and there take place upon 
the basis of an average between the results of this third analysis 
and those of that one of the other two first chemists which was^ 
nearest to its figures," 

EXAMPLE. 

Phopihaie qf Oxtdtt of Irort and 

Chemist No. 1 finds 78.30 2.85 

" 3 " 76.80 S.70 

" 3 " 77.40 8.00 

Average of Noa, 1 and 3 77,80 2.93 

To strengthen these preliminary suggestions we will now Bet 
forth what we regard as the best and the most practical methods 
of sampling and analysis. These methods are being constantly- 
employed in our own work, and while we claim no originality for 
them, they have stood the test of our experience iu many fields 
and on evert/ variety of material with perfect satisfaction. 

SAMPLING. 

As this work is generally undertaken rather by practical working- 
men than by analytical chemists, it is deemedadvisable to point out, 
in the plainest possible way, the easiest, most effective and accurate 
method of conducting it. Nor need we dwell upon the importance 
of this operation and the necessity for its being carefully super- 
vised by all capable managers, for we have already shown that enor- 
mous losses have continually been made and must ever surely result 
from ignoring or disregarding details. 

When the phosphates are sampled upon the mine for the con- 
trol of the daily work, it is necessary to take them from the piles. 
The latter are therefore very carefully gone over, and averages are 
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selected from their every part aiiii placed aside until, iu the opinion 
of the sampler, n sufficient quantity has been amast^ed to make 
it representative. The big lumpa are then all broken up with a 
hammer, and tbe entire material is spread out upon the surface of 
a level floor, well mixed up, and passed through a crusher to 
reduce all the lumps to a small uniform size. It is then again 
spread upon the floor, shovelled up in a circular direction into a 
cone-like heap and then once more spread out flat. About a 
fourth part is next separated from the whole by taking out with a 
spade two strips ci'OBsed at right angles, and adding a sm.iU por- 
tion from each remaining quadrant. This fourth in made to go 
through the same process of spreading, heaping and dividing into 
fourths until the last operation leaves no more than about five 
pounds, which, after thorough mixing on a table, is ground to an 
irapalpably tine powder, emptied into wide-mouthed bottles, well 
corked, securely sealed and labelled. 

When the sampling takes place either at the port of shipment 
or discharge, it must not be lost sight of that the result is to form 
the basis of the price per ton which the miner is to realise for 
his cargo. It has, therefoi-e, to be performed in the presence 
of trusted and reliable representatives of both seller and buyer. 
If the loading and unloading is done by means of buckets, every 
twentieth bucket of the whole cargo is set aside. The entire 
sample is then passed through a stone-crusher in order to reduce 
ail the lumps to a very small size, and is then spread out upon 
a level floor and tossed up into a heap and treated in the same 
general way as described for the smaller Kaniple at the mines. 
When it has been reduced, however, in the present case, to about 
five tons, it is taken to a mill, ground to a fineness of 80 mesh, and 
filled into bags of 200 pounds capacity, which are securely tied 
and placed in a row. Each one of these fifty sacks is then sampled 
at both ends by means of a sharp-pointed augur, 18 inches long 
and 1^ inches diameter, which is first plunged into the top and 
then into the bottom for its entire length, being emptied of its con- 
tents into a large tin plate by giving it a tap on the side after each 
operation. When all the sacks have been sampled in this way, 
the powder is thoroughly mixed by passing it through a sieve 
twice or even three times, and is then divided into three equal parts, 
each of which is put in a wide-mouthed glass bottle and sealed 
with tbe seal of both parties to the contract. One of these sam- 
ples is handed over to some public officer, or other party mutually 
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agreed upon for safo- keeping in ca^e of dispute ; tbe other two are 
taken, one by each of the contracting parties, for the purposes of 

aaalysiH. 



Ul-iBBAL PaOBPHATBB- 

COFROLITB, ETC. 

The sample must bear the date upon which it was drawn, and 
must in every case be representative of the bulk. It niUHt be clearly 
labelled with all particulars as to its origin and destination, includ- 
ing the name of the vessel or tile number of the railroad car. When 
drawn as a working sample of the mine it must bear the laeutiun 

*' average mimpte from Mhte No drawn by from 

piles No repreaenling tons." 

All theae details are entered in the laboratory jonrnal, and this 
having been done, tbe entire sample to be analyzed is tirst made to 
pass through a screen of 80 mesh by the analyst. The following 
determinations are then proceeded with : 

Moisture. 

"Water of combination and organic matter. 

Carbonic anhydride (COj), 

Insoluble siliceous matters. 

Phosphoric anhydride (PjO,). 

Sulphuric anhydride (SO^). 

Fluorine (Fl). 

Lime (CaO). 

Magnesia (MgO), . 

Iron and alumina as oxides (combined). 

Moisture, 

Two grammes of the substance are very carefully weighed in I 
accurately tared and well-ground watch-glasses. The latter s 
then adjusted with the clip so as to leave a sufficient opening I 
for the passage of steam, and are placed in the gas-oven at 110" ] 
C At the end of three hours the glasses are taken out, closed I 
tightly, placed in the desiccator until quite cold, and then brought 
upon the scale. 

The difference between the present and the original weight 
-r- 2 ^ moisture in one gramme of the -material. 

"Water of Combination, and Organic Jffatter, 

The residue from tbe moisture determination is carefully brushed- \ 

into an accurately-tared platinum crucible. The crucible is placed ' 
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over a small Bunsen flame for ten minutes, and is then brought to a 
white heat by means of the blast. After being kept at this high 
temperature for five minutes the flame is removed, the crucible 
is covered ; placed in the desiccator ; and allowed to become 
quite cold. It is then weighed, and the difference between the 
present weight and that of the residue from the moisture deter- 
mination -7- 2 represents the " loss on ignition " in one gramme of the 
material. 

The total of this loss on ignition includes water of combination, 
organic matter, and carbonic anhydride, and as the latter is to 
be determined separately, its weight when found must be deducted 
from this total. 

Carbonic Anhydride (COg). 

4 

This is one of the most essential of the determinations, and 
should be made in every sample destined for factory use. There 
are numerous excellent methods of performing it, but the two 
most commonly used in our laboratory are those of Scheibler and 
Schrotter. The first-named is based upon the principle that the 
quantity of carbonic anhydride contained in pure chalk can be used 
as a measure of the quantity of that salt itself. Instead of estimat- 
ing the carbonic-acid gas by weight, therefore, this method allows 
of its estimation by volume, and when skilfully handled it yields 
very rapid and very accurate results. The second is a far simpler, 
and in our experience equally expeditious, method, and our students 
consequently take more readily to it than to the other. It only re- 
quires ordinary care in its manipulation to give perfect satisfac- 
tion. 

A mere glance at the figure will suflice to show that the appa- 
ratus is made of blown glass, and that its principle depends upon 
the loss of weight which occurs in a carbonate when its carbonic- 
acid gas is expelled. 

Two grammes of the original substance are accurately weighed 
and iritroduced into A. The tube B is now filled with fifty per 
cent, hydrochloric acid and the tube C about a quarter filled with 
concentrated sulphuric acid. All the stop-cocks have meantime 
been kept closed, and the apparatus is now brought upon the scale 
and very accurately weighed. The weight being noted in the 
agenda it is withdrawn from the scale, the stop-cock on tube B is 
gradually opened and the hydrochloric acid thus allowed to come 
into contact with the phosphate. When all the acid is in, the tap 
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ia closed sod the apparatus In nllowutl tu Ntanil in * warm place 
(aay al BO" C.) for two hours with nucasional agitatioo. The 
carbon ic-aci<l gas pauBes off througb C, tbesnlphuricacid, however, 
preventing the eacape of any muuture that might otherwise ac- 
company it. At the end of two hours B is opened, and tbe air 
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ia drawn through the apparatus by suction applied to a piece o 
thin India-rubber tubing connected with D in order to sweep oou 
all traces of the C0|. B is then closed and the apparatus is | 
allowed to become quite cold, when it ia bronght back to the scale, 
and weighed. The difference between the present and the first, 
weight + 2 represents the CO, in one gramme of the normal 
H ample. ^M 
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Weight ot the carefully dried "SchrHtter" charged with 

Two gramiues Phosphate in A 

Diluted HCl in B 

Concentrated H,SO, in C 

Weight of the carerullj dried apparatus at the end of two 
hours, after the prescribed manipulation , 

Losa in weij 



ight by 3 grammes phosphate 0.087 

Equal 0.11435 in 1 gramme, or 4.35 per cent. 

Insoluble Siliveoiw Mailern. 

Five grammes of tho original sample in its norraalatate are accu- 
rately weighed out aud placed in a porcelaiu dish with about 30 c.c. 
of aqua regia. The diifh is placed upon a sand or air batb, cov- 
ered with an inverted funnel, gradually lieated, and evaporated to 
dryness ; care being taken to avoid any spurting and consequent 
loss. As Hoon as it ia dry, the residne is moistened with pure con- 
centrated hydrochloric acid, iiiid again evaporated to complete dry- 
ness, after which the beat of the bath ia increatied to 125° C and so 
maintained for about ten minutes. When it has become cool the 
eilica will all be insoluble, aud the residue is treated with GO c.c. 
of concentrated hydrochloric acid and allowed to remain in this 
contact for fifteen minutes. The acid is then diluted, filtered 
through an ashless filter, aud the porcelain dish and the filter care- 
fully washed with hot water until the filtrate measures 250 c.c. 
The residue ou the filter, which should be quite white, is now dried 
in the oven, calcined and weighed. The weight -;- 5 = insoluble 
siliceous matter in 1 gramme of the material. 



Svlphu 



■ Anhydride (SO^). 



Twenty-five c.c. of the filtrate from the siliceous matter, repre- 
senting 0.50 gramme of the phosphate, are placed in a beaker, 
boiled, and treated while boiling with 5 c.c. of a saturated solutigu 
of barium chloride. The hot liquid is brought upon a small ash- 
• less filter ; the beaker aud the filter are well washed with boiling 
) water until the last washings show no trace of chlorides ; and the 
I filter is then dried, calcined and weighed. The weight x .-^429 
X 2 = sulphuric anhydride (SO,) in 1 gramme of the material. 
N.B. — The words " ashless filter" are used on this, and on all 
iqnent occasions, only in a comparative sense, and are meant 
to indicate the round cut filters, washed in hydrochloric and 
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hydrofluoric acids manufactured by MesBre. Schleicher & Scluicll. 
Then* filter rapidly, retain the finest precipitates, and leave an ash 
whioh — in the No, ftOO, of 9 cubic centimetres diameter, for example 
— only amounts to 0.00008 gramme. 

Phospkorir Anhydride (PiO,), 

Twenty-five c.o. of the filtrate from the siliceous matter, repre- 
senting O.SOgrammeof the phosphate, are placed in a beaker with 10 
grammes ammonium nitrate. The eolntion is heated over a Bnn- 
een or other smokelesH fiame, and when quite warm is treated with 
150 c.c, of molybdic solution and well utirred. After digesting for 
one hour at 70° C, it is filtered and washed with water three or 
four times. The beaker in which the precipitation was made is now- 
placed beneath the funnel ; a small hole is made in the bottom of 
the filter-paper with the point of the stirring-rod, and the precipi- 
tate is washed from the filter into the beaker by means of a hot 
mixture of water and ammonia (5 : 1). If this washing \s skil- 
fully performed, the amount of liquid used will not exceed 75 c.c. 
in order to remove all traces of the ammonium-phospho-molyb- 
date. 

The filtrate having been nearly neutralized by the careful addi- 
tion of hydrochloric acid until the yellow color only disappears 
with difficulty, is allowed to cool, and there arc then added to it 
very slowly, in fact, di-op by drop, 20 c.c. of magnesia mixture, stir, 
ring with a glass rod all the time. Finally, there are poured in 
about 50 c.c. of strong ammonia, the mixture is again stirred, and 
then allowed to stand for four hours. The precipitate is collected 
on an ashless filter, and the beaker is very thoroughly washed 
with dilute ammonia by means of a rubber tip on the glass rod. 
When all the liquid has passed through the filter, the latter is 
washed carefully twice, by blowing the dilute ammonia down its 
sides in a fine stream, and is then placed in the drying 
When quite dry, it is removed from the funnel, folded 
fully in order to prevent loss of its contents, placed in a tared, 
porcelain crucible, and ignited, at first very gently, but finally over 
the most intense obtainable flame, for ten minutes, in order that 
the residue may become white. The c 

transferred with the tongs to the desiccator, allowed to become 
quite cold, and weighed. The weight of this magnesium pyro- 
phosphate {MgjPjO,) X .6396 X 2 = phosphoric anhydride (P,0() 
in 1 gramme of the material. 



mi 
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Fluorine (Fl). 

This element may first of all be tested for, qnalitatively, in order 
to save much unnecessary trouble. 

Two or thi-ee grammes are placed in a platinum dish witb about 
2 c.c. of concentrated Hulphnrio acid. The dish is covered vith a 
■watch-glass thinly coated with wax, through which the operator 
may trace some mark with a fine needle-point Heat is then 
gently applied, and, at the end of, say, ten minutes the watch- 
glass is removed, and the wax upon it is washed off. The etching 
of the characters traced on the glass proves the presence of fluor- 
ine, and the analysis may be proceeded with as follows : 

Five grammes of the finely-ground phosphate are fused in a 
platinum dish, with 15 grammes of the mixed carbonates of sodium 
and potassium, and 2 grammes of very fine sand. After fusing very 
thoroughly with a strong heat for a quarter of an hour, the dish is 
removed from the fire, cooled down, and its contents dissolved in 
hot water and treated with ammonium carbonate in excess, in order 
to remove the last trace of soluble silica. The liquid is now 
filtered and washed with great care ; the filtrate is nearly neutral- 
ized with hydrochlorio acid and then treated with an excess of 
calcium chloride solution (CaClt). 

The precipitate, consisting of phosphate, fluoride and some 
carbonate of lime, is washed several times by decantation with 
"boiling water, collected on an ashless filter, dried and calcined. 
After being allowed to cool, the residue is treated with acetic acid 
and evaporated to dryness on the water-bath in order to trans- 
form the carbonate of lime into acetate of lime. The acetate 
is nest well washed out with boiling water several times, and 
the final residue is brought on an ashless filter, dried, calcined 
and weighed. This time, the weight represents only the phosphate 
and fluoride of lime contained in the five grammes of the original 
sample. 

After taking due note of this weight, the residue is returned to 
the platinum dish, 5 c.c. of concentrated sulphuric acid are added 
to it, heat is applied, and the fluorine is all driven off. "When 
no more fumes are evolved, the source of heat is removed, the resi- 
due in the dish is treated with 100 c.c. alcohol, filtered and washed 
with alcohol up to 200 c.c. 

The alcoholic filtrate contains the phosphoric acid, and this is 
precipitated as ammonio-magnesium phosphate. The precipitate 
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is washed, driedi ealcioed and weighed as MgsPfOn every part 
of which X •1896 = phosphate of lime (Ca»P,Os). 

We now tefer to our note-book to find the weight of th^ com- 
bined phosphate and fluoride of lime contained in the five grammes of 
the original sample asdetermined after the acetic-acid ti^atment^and 
by means of this weight we now make the following cal^mlation : 

WUaaiM (TAXMK IT MMJSDCm FROM OUB Acmmi^. 

Weii^t of the residue of combined phosphate and finiNride 

of lime in 5 grammes of thesamfde • SJdOO 

Weight of the phosphate of lime calculated from UgJBfif . 8^775 

Fluoride of lime, by difference in 5 grammes 0.185 

Therefore 5:.186::100:« = 8.50 per cent, fluoride of lime, 
which X .4887 =: 1.88 per cent, fluorine. 

Oxides of Iron and Alumina. 

This highly-important determination is the object of much con*^ 
troversy, and may be roughly said to be the pivot upon which 
revolves very nearly every difference in the phosphate analyses of 
various chemists* A large number of schemes have been devised 
and experimented with, but only very few of them have proved 
worthy of general application. 

The chief points required of a method for practical work are : 
that it should be accurate, that it should be ea^y and rapid, and 
finally, that it should be economical. All these we believe to be 
embodied in the following plan, which, when carried out with care 
and exactly as we shall describe it, produces constant and strictly 
concordant results. When left to our own choice we have always 
prefen*ed it to any other for our own work, and many of our pupils 
and former assistants who have left us and are now employed 
either at phosphate mines or at fertilizer works throughout the 
country, continue to exactly accord in results with our laboratory. 
We consider this to be a great point in its favor, and it is in fact 
the one which mainly prompts us to so strongly recommend its 
general adoption. 

Fifty c.c. of the filtrate from the siliceous matter, equalling one 
gramme of the phosphate, are placed in a beaker and made alkaline 
with ammonia. 

The resulting precipitate is redissolved by the addition of just 
sufficient hydrochloric acid, and the liquid is then again made 
alkaline with ammonia in very slight excess. Fifty c.c. of concen- 
trated and pure acetic acid are now added ; the mixture is stirred, 
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and allowed to stand in a cool place until perfectly cold. It is then 
liltereil on an ashless iiller and the beaker and residue are carefully 
washed twice with boiling water. The ilask containing the filtrate 
id then removed from beneath the funnel and replaced by the 
Ijeaker in which the first precipitation was made. The sultstance 
on the filter is now carefully dissolved in a little hot, fifty-per-cent. 
solution of hydrochloric acid, and the filter is washed twice with 
hot water. The filtrate in the beaker ia next made alkaline with 
ammonia in slight excess ; then made strongly acid with pure con- 
centrated acetic acid ; well stirred up, and again allowed to stand 
until absolutely cold. The flask containing the first filtrate is now 
replaced under the funnel, the liquid in the beaker is filtered 
into it, the filter is washed twice with cold water containing a 
little acetic acid, and then three times with boiling distilled water. 
The funnel containing the filter is now placed in the oven and com- 
completely dried, after which the filter and its contents are cal- 
cined, and weighed as phosphates of iron and alumuia in one 
gramme of the m.aterial. For all the general purposes of the 
factory, or for the control of daily work at the mines, it is 
only necessary to divide the figure thus found by 2, and to atate 
the result roughly as "oxides of iron and alumina (combined)." 
As we have given our reasons for this proceeding in an earlier part 
of this chapter, it is not necessary to i-epeat them, and we will con- 
tent ourselves with a mere example. 

The weight of the combined phosphates in one gramme was ,058 ; 
then .058 -^ 2 = .029 = 2. SO per cent, oxides of iron and alumina 

When reporting upon a sample for commercial puqjoses 
that is to say, when determining its value to the manufacturer 
of water-soluble supei'phosphates, it is sometimes necessary to 
carry this analysis a little further. In such oases, after carefully 
noting the accurate weight of the combined phosphates, they aro 
dissolved in boiling hydrochloric acid. The solution is filtered 
into a 100-c.c. flask and washed up to the mark with boiling water. 
"So residue should remain on the filter save perhaps a speck or two 
of carbon resulting from the recent incineration. In one half of 
the filtrate, the phosphoric anhydride is determined by the molyb- 
. date method already described. TheresultingMgiPnO, X .6396 X 2 
equals the PtOj in one gramme of the combined phosphates. 

The remaining half of the filtrate is boiled with a small piece 
' zinc in a flask fitted with a Bunsen valve. When the iron is com- 
pletely reduced and gives no trace of pink coloration with polaa- 
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H Bium suljihocyanate, tbe liqa'ul i» cooled, about one gramme of mai^ 

H neaium nulfjliate is iliHsolveil iii it, and it is then titrated with j'^ 

H N. [Krrniangaiiate solution, every c.c. of which ^ .00080 ferric oxidu. 

H The number of c.c. used X 2 will represent the amount of iron 

H oxide contained in one gramme of tlie above phosphatee. Two oat 

H of the three constituents being thus accurately known, the third, 

H which is the alumina, can easily be determined Ity difference, as 

H for exam|>le : 

H Weight of the combined phosphates of iron and alumina. . .058 

H Phosphoric anhydride determined in the above 031 

H Iron oxide (Fe,0,) " " 010 

■ .041 

H Oxide of alumina {by difference) 017 

I In reporting upon the sample we should therefore state the 

preaeDce of 

Oxide of iron 1.00 per cent, 

Oxide of alumina 1.70 " 

Weight of these oxides combined 3,70 " 

instead of the 2.80 per cent, which were obtained by merely divid- 
ing the combined phosphates by 2. 

The only other method of determining the percentage of iron 
and alumina which has been used in our laboratory with satis- 
factory results, was recently adopted at the request of clients, and 
is generally known as the Glaser method, from its having been 
first suggested and described by a German chemist of that name 
(in Ztschr. Angew. Chem., 89, 636). The way in which we carry 
it out, differs somewhat from the first description by its author, 
and is as follows : 

Two and a half grammes of the phosphate are dissolved in 10 c.c 
hydrochloric acid; evaporated to dryness; taken up again with 
hydrochloric acid, raised to boiling, and washed out into a 250-c.c. 
fiask with as little water as possible. Ten c.c. concentrated sulphuric 
acid are now added, and the solution is allowed to stand for five min- 
utes, with frequent shaking. After addingsome ninety -five per cent. 
alcohol, the mixture is cooled, made up to the mark with alcohol, 
well shaken, and when the contraction in volume has taken place, is 
again made up to 250 c.c. and mixed. After standing one hour it is 
. filtered, and 200 c.c. {= 2 grammes phosphate) are taken and gently 
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evaporated to a small bulk. Wien organic matter ie present, it is 
desirable to evaporate to paBtinesiii, that the acid may partially de- 
compose it. Tbe solution is now washed into a beaker with about 
50 to 100 CO. water ; boiled for a short time with bromine or other 
oxidizing agent, as suggested by 11. 11. B. Shepherd {in Chem. 
Neion, 63, 251) ; and, after adding ammonia, it is again boiled for 
about half an hour. It ja then cooled, and, after the addition of 
a little more ammonia, is filtered ; washed with a hot solution of 
ammonium chloride to prevent the precipitate from passing through 
the filter ; ignited, and weighed. The phosphoric acid is determined 
by dissolving the ignited precipitate, exactly as we have described 
in the former method, and the oxides of iron and alumina are 
obtained by difference. If magnesia is present, the phosphates of 
iron and alumina obtained as above must be freed from this im- 
purity by washing the precipitate off the filter, and boiling with 
water and a little nitrate of ammonium. 

As we have already stated, our own preferences are in favor of 
the first method, and this, not only because we believe it to be per- 
fectly exact and reliable, when in the hands of a skilful operator, 
but because it is much more rapid and much less costly. AVe, 
however, have no positive objections to the Glasor scheme, and 
when carried out on tbe above lines should have every confidence 
in the accuracy of its results. 

Zime (CaO). 

The total filtrates from the iron and alumina determination first 
described are mixed by shaking the flask, and are then concen- 
trated by boiling down to about 100 c,c. At this point there are 
added to the liquid about 20 c.c, of a saturated solution of am- 
monium oxalate, and the mixture, after stirring, is withdrawn 
from the fire, covered with a watch-glass and allowed to stand 
for six hours. At the end of this time the supernatant fluid is 
filtered through an ashless filter ; the residue is washed three times 
by decantation with boiling water, and then brought upon the 
filler, and the beaker and filter are thoroughly washed at least 
three times more. The filter is then dried, taken from the funnel 
with the greatest care, placed in a tared platinum crucible, and 
ignited at a low rod heat for ten minutes. At the end of this 
time it is brought to the highest possible temperature by the 
blast, kept there for five minutes, covered, and then rapidly re- 
moved to the desiccator. When quite cold it is weighed in the 
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covered cmciblo. The not weight ^= CaO in one gramme of Ihe 
ualerial. 

Il in fiiBtoiiiary in our laboratory lo ignite and weigh this residue 
thn'c: tiiiK'N, ur until tlic twu laNt weights ai'e identical. 

Ma/jnemia (MgO). 

The illtratefl and all the washinga from the lime determination, 
I abuvtt detailed, ar«> well nhakeii together, and coiioentrated by 
iliiig tu about 100 e.c. 

Aftt-r allowing thu liquid to become quite cold, it is poured into 
a bcnlci;r, the fiask oarefully riuaed out iuto the same witb dlijtilled 
wairr, and the liquid made very Ktroiigly alkaline with ammonia. 

After well stiiriiig, the mixture is covered with a watch-glasa 
and allowed to stand over night. The precipitate of ammonio- 
magnosium-phosphate is then carefully filtered through an aahlesa 
filter, the beaker thoroughly washed out with dilute ammonia by 
means of a rubber-tipped rod, and the washings brought on the 
filter. The latter is then finally washed twice with the ammonia 
vater, placed in the drying-oven, calcined in a tared porcelain 
cm ible, at first at a very low, then at the highest obtainable heat, 
and weighed . as MgjP,0,. The weight x .360 = MgO in one 
gramme of the material. 

If all the foregoing determinations have been performed with 
the required care, the quantities found should add up to a total very 
closely approximating 100.- Assuming that tjiie is the case, we 
suggest that a reliable opinion may at once be formed for ihe 
manufacturer, as to the industrial value of any mineral phosphate, 
by combining the various isolated bodies as follows : 

The magnesia is multiplied b; 2.10. Result ~ carbonate of magmeda. 

The carbonic anhydride left over by 

the magnesia is multiplied by.. 2.37 *' = carbonate of lime. 

The fluorine is multipbed by 3.05 " = fluoride of lime. 

The sulphuric acid is multiplied by 0.75 " = iron pyrites. 

The lime remaining after satisfying 
the carbonic anhydride and 
fluorine is multiplied by 1.84 "J = phosphate of lime. 

The phosphoric acid, if any. remain- 
ing after this satisfaction of 

lime is multiplied by 2.00 " = phosphate of iron and 

alumina. 

If all the phosphoric acid be used up by the lime available 
under this scheme, the iron and alumina may be regarded as havinic 
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existed in the form of silicates or day, and, as we liave pointed 
out in the chapter on Florida phosphatua, our own expurimeuts 
have very conclusively proved that in a, majority of cases, they 
really do so exist. They would therefore lie to a great extent 
unacted upon by the dilute chamber acid, used in the manufacture 
either of superphosphates or phosphoric acid. 
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ANALYSIS OP SITPEKPHOSPHATES. 

The sample should be well intermixed and properly prepared 
and passed through a sieve having circular perforations one-twenty- 
liftb of an inch in diameter, so that separate portions shall accurately 
represent the substance under examination, without loss or gain of 
moisture. 

Moisture. 
grammes are accurately weighed into the watch-glasses 
id heated for five hours at 100° in a steam-bath. 

Water-soluble Phosphoric Anhydride. 
Five grammes are weighed out into a small beaker ; washed by 
decantation four or five times with not more than from 20 to 25 c.c. 
of water, and then rubbed up in the beaker with a rubber-tipped 
rod to a homogeneous paste, and washed four or five times by 
decantation with from 20 to 25 c.c. of water each time. These 
washings are all run through a 9-c.c. — No. 589 Schleicher and 
Scbuell — filter into a 500-c.c. flask. The residue is finally trans- 
ferred to the filter, and washed with water until the flask is filled 
up to the mark. The flask is now shaken, and 50 cc. of the clear 
liquor, equal to ^ gramme of superphosphate, are transferred to 
a beaker, and treated with 150 o.c. of molybdic solution. The 
mixture is digested at 80° C. for one hour, filtered and washed with 
water. After testing the filtrate for PjOj by renewed digestion 
and addition of more molybdic solution, the precipitate is dissolved 
on the filter with ammonia and hot water (as described in the anal- 
ysis of raw phosphate) and washed into a beaker to a bulk of not 
more than 100 c.c. It is nearly neutralized with hydrochloric acid, 
cooled, and magnesia mixture is added slowly from a burette (one 
drop per second), with vigorous stiri-ing. After fifteen minutes 
;iO c.c. of ammonia solution of density .95 are added, and the whole 
is allowed to stand for two hours. It is then filtered on an ash- 
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loKci liltur, washi-il aeiin tlie cattc of raw pliosphates, ilried, calcined ' 
ill a |*oi'colaiii crucible and weighed im ]!ifg,P,0,. Tbe weight of 
the residue X -liyftO X 3 = the ii-atfr-»(4ubk phosphoric anhydride 
ill oDe gramme of the miperphoflphate. 

Cit rate-insoluble Phospkorii- An/ii/drufe. 

The residue from the treatment with water iH washed into a 
200-c.c. tiuek. with 100 c.c. of strictly ueutral ammonium cilraie 
eolulion of density 1.09, The flask is secnrely corked and placed 
in a water-bath, the water of which stands at C5° C. (The waLer- 
bath should be of such a siae that the introduction of the cold 
flask may not cause a reduction of the temperature of the hatb of 
more than 2° C.) 

The temperature of 65° C. ie maintained for thirty minutes, willi 
vigorous shaking of the flask every five minutes. The warm solu- 
tion in tbe flask is then filtered quickly and washed with water of 
ordinary temperature. The filter is transferred, with its contents, 
to a capsule, and ignited until the organic matter is destroyed. It 
is then treated with 10 to 16 c.c. of concentrated hydrochloric acid ; 
digested over a low flame until the phosphate is disMolved ; diluted 
to 200 c.c. mixed, and passed through a dry filter. One hundred 
c.c. of it are nearly neutralized with ammonia ; 10 gram-mea of 
ammonium nitrate are added ; the liquid is made quite warm ai 
there are then added to il 150 c.c. molybdic solution. Theproo€ 
is completed exactly the same way as with raw phosphates. 

The weight of the Mg,P,0, X .6396 X 2 -^ 5 equals the c 
insoluble phosphoric anhydride in one gramme of the substance^ 
Total Phosphoric Anhydride. 

Two grammes of the superphosphate are weighed i 
accuracy and treated in a porcelain capsule with 30 c.c. conoefl 
trated hydrochloric acid. Heat is applied and there is added ca: 
tiously, and in small quantities at a time, about ,S gramme < 
finely -pulverized potassium chlorate. 

The mixture is gently boiled until all phosphates are dissolve 
and all organic matter destroyed, and is then diluted to 200 c.o 
mixed and passed through a dry filter. Fifty o.c. of filtrate- 
equal to half a gramme of the superphosphate — are then taken an 
neutralized with ammonia, and about 15 grammes of dry aiii 
monium nitrate are added. The solution is now made warm ; 15 
c.c. molybdic solution are added, and thenceforward the proces 
is conducted exactly as in the case of raw piiosphates. 
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The weight of the MggPgOy X .0396 X 2 equals the total phos- 
phoric anhydride in one gramme of the substance. 

The three following determinations have now been made : 

1. The PgOg soluble in water. 

2. The P2O5 insoluble in ammonium citrate. 

3. The total P2O5 contained in the substance. 

The figures obtained in the first two cases, added together and 
deducted from the last, will therefore show the amount of citrate- 
soluble phosphoric acid in one gramme of the substance ; as for 
example : 

Total PgOg in one gramme 0.160 gramme 

PgOg soluble in water 0.140 

PgOg insoluble in water and ammonium citrate. 0.004 — .144 " 

P2O5 soluble in ammonium citrate 016 * 

-and the manner in which we should state the result of such an 
analysis as this in our reports would be as follows : 

Moisture ? 

Water-soluble phosphoric anhydride (^ffl^) 14.00 

Citrate-soluble or assimilable phosphoric anhydride (P2O5) . 1 . 60 

Insoluble phosphoric anhydride (PgOg) 0.40 

Equal to 34 per cent, of bone phosphate made soluble. 



THE VOLUMETRIC ESTIMATION OF PHOS- 
PHORIC ACID. 

While we have long discarded the use, in our commercial labor- 
atory, of all volumetric processes of determining phosphoric acid 
for commercial purposes, we nevertheless have always found the one 
that we shall now describe of considerable value in the factory. 
With a little practice it is possible to observe the end reaction with 
great accuracy, and provided not more than one per cent, of com- 
bined iron and alumina is present, the results are tolerably reli- 
able. 

The formulae for preparing the standard solutions required are 
given on another page, and the principle on which the method is 
based is the fact, that phosphoric anhydride and uranic oxide com- 
bine together to form a compound insoluble in acetic acid. 

PA + 2 UrA = Ur.PgOn 

142 + 576 = 718. 
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It f r« iln'ivfori', thnt if a solution of phospboric anhydride 
in acetic u be t ruattul with a sulution of nranic acetate, tbe P3O1 
is preoipitait^d, and it has been found that the slightest exceee of 
urauic acetate can be detected in the mixture, by bi-inging a drop 

it into ooutaet with a drup of freshly -prepared solution of jjoias- 
n-ferrocyanide, and noting the reddish -brown color produced, 

i timt step being to establish the accuracy of the solutions, 50 
0. of ihc »tandaril sulntion of sodic phosphate are run into a 

ill bpftker; made akaline with ammonia; and then distinctly add 

.li acetic acid. Five c.c. of the sodic-aoetate solution are now 

A into the mixture with a pipette ; the beaker is brought over 
lue flaino of a Uunsen bui-ner and the contents heated to about 70° 
C. When this point is attained the uranie-aeetate solution is mn 
in very cautiously, drop by drop, fi-oni a burette, until a drop of 
the mixture in the beaker taken out and ]>laued in contact with a 
drop of Ihe ferrocyanlde solution, on a while porcelain slab or plate, 
gives a slight, but yet distinct, reddish-brown color. 

When the necessary point has been attained — which generally 
requires two or tbi-ee trials — the uranic solution la so arranged by 
dilution, or calculation, as to make 1 c.c. of it correspond to ex- 
actly 1 c.c. of the standard sod ic -phosphate solution ; in other 
words, to .002 P,Ob. 

The accurate standardization being completed, the sample of 
mineral phosphate to be examined is now weighed ouL One gramme 
is dissolved in nitric or hydrochloric acid in the usual way, and 
with the usual precautions is filtered and washed to about 200 c.c. 
Fifty c.c. (equal to .250 gramme phosphate) are now placed in a 
beaker, made alkaline with ammonia, then strongly acid with acetic 
acid and treated with 5 c.c. of sodium-acetate solution. The mixt- 
ure is then heated to 10° C, and at this temperature the uranium 
solution is run in, drop by drop, until the color reaction on the 
white plate is plainly visible. A second titration is made on an- 
other 50 C.C. of the solution of phosphate, and if the results are the 
same the operation is ended. Every c.c. of the uranic -acetate 
solution used equals .002 gramme P3O5 in .250 gramme of the 
material. 

As will have been gathered from our opening remarks, the re- 
sults of this process, as we describe it, are serlonsly vitiated by 
the presence of more than one per cent, of iron and alumina. 
When, however, these two bodies are present in any considerable 
amount there is a way out of the difficulty afforded by the fact 
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that they will remain precipitated in the acetic-acid solution aa 
phosphates, especially in the presence of sodic acetate. When 
the liquid has hecome quite cold, therefore, they can he filtered 
off, washed, redissolved in hydrochloric acid, treated again with 
ammonia and acetic acid, made cold, filtered, washed, dried, cal- 
cined and weighed as iron and alumina phosphates. 

If the filtrates from these operations he mixed together and 
heated to 70° C, they may be titrated with uranic solution as usual,^ 
and the quantity of P2O6 found by titration, added to half the 
weight of the phosphates of iron and alumina, will give, very 
approximately, the total amount of phosphoric anhydride in the 
original substance. 



ANALYSIS OF PYRITES FOR SULPHURIC-ACID 

MANUFACTURE. 

The sample is drawn from bulk in much the same manner aa 
that described for the sampling of phosphates, and is ground to 
the fineness of 100 mesh, care being taken that every particle 
passes through the screen. The requisite quantity, say eight 
ounces, is now put into a wide-mouthed bottle provided with a 
tight-fitting rubber stopper, and the analysis is proceeded with. 

The necessary determinations in the pyrites most ordinarily 
used in this country for acid manufacture are : 

Moisture. 

Siliceous matters. 

Sulphur. 

Iron. 

Copper. 

Moisture. 

One gramme of the sample is weighed between two tightly- 
ground watch-glasses of which the tare, including the clip, is 
accurately known. The necessary space to allow for evaporation 
having been adjusted, the glasses containing the. powder are placed 
in the gas-oven and kept at 110° C. until no further loss of weight 
is observed. Three weighings should be made at. intervals of 
about one hour. The difference between the original, and the final 



^re'igbt of tbepyriteti, aud watch-glasses, represents the moisture is. 
tho sample. 

SiticfoMi Matter and Silicates. 

One gramme of the original eaiaple is treated with about 20 
■C.c. of a mixture of three vols, nitric acid (specific gravity 1.4) 
and one vol. strong hydrochloric acid, both ascertained to he 
absolutely free from Bulphut-it! acid. All spurting is carefully 
avoided and heat is gently applied, and the mixture evaporated 
lo dryncHN In a w ate r- bath ; 5 c.c. of hydrochloric aoid are 
uciw added, nnd once more evaporated (uo nitrous fumes ought 
to escape now), and finally the dried residue is treated with a 
Uttlo concentrated hydrochloric acid and 100 c.c, of hot water 
and filtered through a small filter and washed with hot water. 
The iuHolublo i-esiduu on the filter is dried, ignited and weighed. 
It may coiitaiu besides silicic acid and silicates some sulphateci 
of barium, lead and calcium, hut these may be disregarded. 



The filtrate and washings from the last determination, are 
slightly saturated with ammonia, filtered while hot, and washed on 
the filter with hot water, avoiding channels in the mass. Suffi- 
ciently dense, but yet rapidly-filtering paper, must be Dsed, and 
choice made of funnels with an angle of exactly 60°, whose tube is 
not too wide, and is completely filled by the liquid Tuaning 
through. The washing is continued until the addition of a little 
BaCl^ to the last runnings shows no opalescence even after a 
few minutes. The filtrate and washings must not exceed 200 o.a, 
or if they do, they should be concentrated by evaporation. Pure 
HCl in very alight excess is now added ; the liquid is heated to 
boiling ; removed from the burner ; and treated with 40 co. of 
a ten-per-ccnt. solution of BaClg, previously heated to boiling. 
After precipitation the liquid is left to stand for half an hour, 
when the precipitate should be completely settled. ^The clear 
portion is decanted through a filter, and the precipitate is washed 
with hot water by decantation three or four times, until the liquid 
loses all acid reaction. It should then be washed on to the filter, 
dried, ignited and weighed. Its weight X .1372 = sulphur in one 
gramme of the ore. 

Iron. 

The feme hydrate, precipitated from the original solution in 
the sulphur determination, is dissolved in dilute sulphuric acid. 
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Tvarmed, and reduced with pure zinc until no coloration is produced 
when a drop of the liquid is brought into contact with a drop of 
potassium-sulphocyanate solution. 

It is then cooled, and titrated with \ N permanganate solution, 
until the faintest possible pink color remains constant for two 
minutes. Every c.c. of the permanganate employed = .0056 Fe 
in one gramme of the ore. 

Copper, 

Five grammes of the original sample are treated with concen- 
trated nitric acid, and evaporated to dryness. The residue is 
treated with concentrated sulphuric acid ; heated on a sand-bath 
till the free acid is all driven off ; and then cooled, treated with 
water, boiled, cooled again, finally treated with one-fourth its 
volume of alcohol, and allowed to stand for twelve hours and 
filtered. The residue on the filter is washed three times with a 
mixture of one part alcohol and two parts water, and the dilute 
filtrate is then saturated with hydrogen sulphide and allowed to 
fitand for some hours. The precipitated sulphides are washed 
with a solution of HgS ; dissolved in aqua regia ; neutralized 
with an excess of ammonia ; and made slightly acid again with 
liydrochloric acid. If not clear, the solution is then filtered, and 
the filter well washed until no longer acid. 

The solution is now boiled ard treated with 25 c.c, of a strong 
mixture, containing equal weights of potassium sulphocyanide and 
sodium bisulphite. The addition is made by degrees and with 
constant stirring, and, when completed, the beaker is removed from 
the fire and allowed to stand until quite cold, when the white pre- 
cipitate of copper sub' sulphocyanide will have all gone down. 
The liquid is now filtered carefully through a double-tared filter, 
and the precipitate is well washed several times, first by decanta- 
tion with cold water in the beaker, and finally on the filter. The 
washing is complete when all traces of chlorides have disappeared, 
and the precipitate is then thoroughly dried in the gas-oven. 
When perfectly dry it is weighed, the tare of the double filter 
is deducted from the weight, and the balance X . ^ ^g^ o = Cu in one 
gramme of the ore. 
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P ANALYSIS OF BRIMSTONE. 

Mointure. 
In order to prevonttlio evaporation of molstore during grinding, 
Bu svenige saui]>lo of tbi> uiigroutid or only roughly-crushed uiit- 
tftriftl Wfighiug too grammes 18 dried at 100" C. for aoiue hoars in 
nil oven or water-batU. 

Ten gRimmns iint burnt In a lured ]ntrcelain dish aud the ms- 
idiio ie weighed. 

Direct E«timation of Sulphur. 

Fifty grammes of the finely-ground brimstone are dissolved in 
200 e.c. carbon bisulphide, by digesting it in a stoppered bottle at 
the ordinary temperature, aud the specific gravity of the liquid = i 
is estimated. Tlii« must be reduced to the specific gravity at 1 5° C. 
= S by meaufl of the formula {valid up to 25" C.) S = s -f- 0.0014 
(1 — 15°). The following table gives for each value of S the percent- 
age in this solution, which number must be multiplied by 4 to in- 
dicate the percentage of sulphnr in the sample of bnmatone : 
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ESTIMATION OF SULPHUKIC ACID. 
According to our experience, the amount of actual H,SOi con- 
tained in a given bulk of chamber acid is best determined in the 
volumetric way as described by Lunge — i.e., by titrating a meas- 
ured volume of the acid with standard soda solution, using me- 
thyl orange as the indicator (31 grammes pure sodium oxide in 
1 litre distilled water, standardised with very accurate normal HCl.) 
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The results are always expressed in percentages of monohy- 
drated sulphuric acid (HgSO^) by weight. The specific gravity of 
the acid is taken with a hydrometer and called x. Ten c.c. of the 
acid are then taken with an accurate pipette and diluted to 100 c.o. 
Of this solution 10 c.c. are taken for titration, and, if the number 
of cubic centimetres of normal soda solution = 0.031 gramme NajO 
per cubic centimetre consumed is called y, the percentage of the 



acid is 



4.9 y 



X 



RAPID ANALYSIS OF LIMESTONE OR CHALK. 

Insoluble, 

One gramme of the substance is dissolved in hydrochloric acid 
and the residue is filtered, washed, dried, and ignited. In the presence 
of appreciable quantities of organic substance the filter is weighed 
after drying at 100°, and afterwards ignited. The difference be- 
tween the first and second weights is taken as organic matter. 

Lime, 

One gramme of the substance is dissolved in 25 c.c. normal hy- 
drochloric acid and titrated with normal alkali. The amount of 
alkali used is deducted from 25 and the remainder is multiplied by 
2.8 to find the percentage of CaO, or by 5 to find that of CaCOg. 
If any magnesia be present it would be calculated as lime, and 
provided its amount be not very large, this is admissible in the 
manufacture of " supers " on the plan we have suggested. 

When, however, the magnesia exceeds, say two per cent., it can 

be separately estimated as follows, and the result deducted from the 

figure given above. 

Magnesia, 

Two grammes of the substance are dissolved in HCl ; the CaO 
is precipitated with NH3 and ammonium oxalate, and filtered with 
the usual precautions. The magnesia is precipitated in the filtrate 
by sodium phosphate, filtered, washed with ammonia water, dried, 
ignited, and weighed as Mg2P207, which x .3603 = MgO. 

Iron, 

Two grammes of the substance are dissolved in HCl, reduced 
by zinc, and diluted. Some manganese solution free from iron is 
then added and the mixture is titrated with \ N. permanganate, of 
which each c.c. = .0080 FegOg. 



( 
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Molybdenum. ..••• 

Nickd 

Niobium. • 

Nitrogen • . 

Osmium • < 

Oxygen 

Palladium 

Phosphorus. 

Platinum , 

• 

Potassium 

Rhodium ..'. 

Rubidium < 

Ruthenium •••.•••• 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin :.... 

Titanium 

Tungsten 

Uranium 

Vanadium 

Yttrium 

Zinc 

Zirconiiun 



Ahunlniiiii* 
Antimony. 
Anenio.... 

Bariun. . • . 
BeryUium. , 
Bismuth. . . 
Boron. ..... 

Bromine. .. 
Cadmium. . 
CsBsium. . . . 

Calcium. . . , 
Carbon .... 

Chlorine. • . 
Cerium. ... 

Chromium. 

Cobalt 

Copper 

Didymium. 
Erbium. ... 
Fluorine. . . 

Gold 

Hydrogen. . 

Indium 

Iodine 

Iridium. . . . 

Iron 

Lanthanum 

Lead 

Lithium. . . 
Magnesium. 
Manganese. 
Mercury. . . 



Atanilc 
Wflislit. 



87.8 

122.0 

74.9 

136.8 
8.0 
210.0 
11.0 
79.75 
111.6 
188.0 
88.9 
11.97 
85.87 
141.2 
52.4 
58.6 
63.0 
147.0 
169.0 
19.1 
196.2 
1.0 
113.4 
126.53 
196.7 
55.9 
139.0 
206.4 
7.01 
23.94 
54.8 
199.8 



Atomic 
Weiglit. 



85.6 
68.6 
94.0 
14.01 
188.6 
15.96 
106J3 
80.96 
196.7 
89.04 
104.1 
85.2 
108.5 
78.0 
28.0 
107.66 
22.96 
87.2 
81.98 
182.0 
128.0 
203.6 
281.5 
117.8 
48.0 
184.0 
240.0 
51.2 
93.0 
64.9 
90.0 
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WEIGHTS AND MEASURES OF THE METRICAL SYSTEM. 

Weights, 

1 milligramme = ,001 gramme. 

1 centigramme = .01 gramme. 

1 decigramme = .1 gramme. 

1 ^amme = weight of a cubic centimetre of water at 4° C. 

1 decagramme = 10.000 grammes. 

1 hectogramme = 100.000 grammes. 

1 kilogramme = 1000.000 grammes. 

Measures of Capacity, 

1 millilitre = 1 cubic centimetre, or the measure of 1 gramme of 

water. 
1 centilitre = 10 cubic cent. 
1 decilitre = 100 cubic cent. 
1 litre = 1000 cubic cent. 

Measures of Length, 

1 millimetre = .001 metre. 

1 centimetre = .01 metre. 

1 decimetre = .1 metre. 

1 metre = the ten-millionth part of a quarter of the earth's meridian. 

8T0CHI0METRY, OR CHEMICAL CALCULATIONS. 

Conversion of Thermometer Degrees, 

*C. to °R., multiply by 4 and divide by 5. 

"C. to °F., multiply by 9, divide by 5, then add 33. 

°R. to °C., multiply by 5 and divide by 4. 

**R. to °F., muliiply by 9, divide by 4, then add 32. 

**F. to "R., first subtract 32, then multiply by 4 and divide by 9. 

°F. to °C., first subtract 32, then multiply by 5 and divide by 9. 

To Find the Percentage Composition having the Formula Given, 

Find the molecular weight from the formula, then 

Molecular weight Weight of constituent in a molecule . 
100 ~ Percentage of constituent. 

Or, proceed thus : 

Multiply the atomic weight of the element by 1, 2, 3, etc., accordiug 
to the number of atoms of tne element there are in the molecule ; multi- 
ply the number thus obtained by 100 and divide by the molecular weight. 

To Find the Weight of any Element Contained in any Given Weight 

of a Compound Substance, 

Molecular weight Weight of constituent in a molecule. 
Given weight ~" Required weight. 

Or, multiply the atomic weight of the element by 1, 2, 3, etc., accord- 
ing to the number of atoms of the element there are in the molecule ; 
multiply the number thus obtained by the given weight and divide by 
the molecular weight. 
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DETERMINATION OF THE SPECIFIC GRAVITY OF SOLIDS. 
Sotida heavier than, and intolabte in, water. 
a. By weighing in air and water, 

„ (weight In air) 

P' ^''' ^ (iMrbnieight in water)' 
I). By Nicholaon'B hydrometer. 

Let w, be the weight required to sink the instrument to the mark J 
on the stem, the weight of the instrument being W ; to take the j 
apeciflc gravity of any solid substance, place a portion of it weigh- 
ing less than ic, in the upper pun, with suoh additional weight, say I 
w,. as will cause tlie instrument to sink to the zero-mark. The | 
weight of the substance is then ic, — m',. Next transfer the sub- 
stance to the lower pan, and again adjust with weight w, to tha 

Sp. gr. = ^!' ~ ^' - 

e. By the specific-gravity bottle (applicable to powders). 

Weigh the tlosk filled to the mark with water, then place the 
substance, of known weight in the flask, fill *o the mark with 
water and weigh again, 

(weight of substance in air) -I- (weight of flask and water) — 
, _ (weiglit of flask and water and substance) 

(weight of substance in air) 

Solids lighter than, and ineotuble in, water. 
The solid is weighted by a piece of lead of known specific gravity 
and weighed in water. 

(weight of substance in air) 

(weight of lead in water) — (weight of lead and substance in 
water) -i- (weight of substance in air) 

Solids heavier than, and insoluble in, water. 
Proceed as in a, using instead of water some liquid without 
actjon on the solid. 

(weight of bulk of liquid equal to substance) = 
(weight of substance in air) — (weight of substance in liquid). 

(weight of bulk of liquid equal to substance) 
(weight 01 b,Jkolw.to X (.p. e,. of ,.ter) 
e,u.lto.ob.t»no.) = (.p. g,. of liquid) ' 

_ _ (weight of substance in air) 

(weight of bulk of water equal to Bubstanoe)' 



Sp. gr. : 
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NOTES ON STANDARD ACID, ALKALINE, AND OTHER 
SOLUTIONS, CALLED FOR IN THIS WORK. 

In the conduct of volumetric examinations, which are frequently 
extremely useful, expeditious and exact, it is essential that all 
" standard " solutions be prepared and employed as nearly as pos- 
sible at a constant temperature. This temperature should be that 
of the surrounding atmosphere, or as cool a place as may be avail- 
able in the laboratory, say 60° to 70° F. The liquids should be 
kept as clear as possible, and always shaken up just previous to 
being used. 

The indicator most commonly used in alkalimetry and acidi- 
metry is tincture of litmus, which must be kept in open vessels, to 
avoid its being spoiled. When employing litmus, the liquid to be 
tested must be kept boiling for some time, in order to expel all 
COj ; and normal acid must be added as long as further boiling 
causes the color to change back from red to purple or blue. This 
takes a long time ; sometimes half an hour or even more. This 
time may be saved by replacing litmus by a very dilute solution of 
methyl-orange (sulphobenzene-azodimethyl -aniline) ; but in this 
case the liquids must never be hot, but of the ordinary temperature, 
and none but mineral acids may be employed. The cold solution 
of sodium carbonate is colored just perceptibly yellow by adding a 
drop or two of the solution of methyl-orange, preferably by means 
of a pipette ; if the color is too intense, it will on neutralization 
cause the transition into red to be less sharp. Methyl-orange is 
not acted upon in the least by COg, and when all NagCOj has been 
decomposed, the slightest excess of HCl causes the yellow to change 
suddenly and sharply into pink. The rule is, therefore, to run in 
the normal acid quickly and with constant agitation till the change 
of color has taken place. The opposite change of color from pink 
to faint yellow is just as sharp when titrating mineral acids with 
sodium hydrate or carbonate. The results are identical with those 
obtained by litmus, but, as we have said, they are obtained very 
much more quickly, and without heating the liquids. 

Other indicators in constant use are phenolphthalein and coral- 
line, of which it is always useful to have a small supply. 

NORMAL SODIUM CARBONATE. 

Dissolve 53 grammes of pure, dry monocarbonate, prepared by 




HOBMAL sui^axmo Acm, 

IMlntB aboat SO ce. of pare mlphorio add (tp. gr. 1,840) to one 
litre ; tbcD dstanniae Uu ttrangth of this atdntion by titnUoo with 
■KMinal •odinm c»rb<HUt6, uid dilnte so m to make one 0.0. of tlie 
mtpborio aoid Dflntnlise one 0.0. of the alkali ; after dilation check 
the itrangth hj another titration. 

DBOI-NOKICAI. OIAIAO ACID. 

JNaMlre 0,8 grammee of pore, recryBtalliaed oxalic acid, dried 
iMtveen |i^>er, in one litre of water. 

HOSKAi. antnoOHLonio Acn>, 
Dilnte 181 granuneaof the pore aoid, of sp. gr. 1.10, to one litre; 
check by titration with — - silver solntion or bj sodium carbonate. 

sobmjlS, hitbio acid. 

Take some pore nitric acid and dilute to one litre. The strength 
of this solution must be ascertained, and the acid diluted accord- 
ingly. The most exact method of checking the nitric acid is by 
pure calcium carbonate, one gramme of which requires 20 c.c. of 
normal acid. 

XOBMAL CAUSTIC AIXALI. 

Take about 42 grammes of pvre sodium hydrate and dis- 
solve in 800 cc. of water ; titrate with any noi-mal acid, and dilute 
until it corresponds with the acid, volume for volume, Nobkai. 
POTASsiuu HYDBATE may be made in a similar manner. 

NOBUAL AMUOHIUH BYDBATB 

is made by diluting strong ammonia to the required strength, and 
checking by titration with normal acid. 

DECI-NOEMAL SILVEE NITKATE SOLUTION. 

Dissolve 10.8 grammes of pure silver in pure dilute nitric acid, 
heat gently, and when dissolved dilute to one litre. If a neutral 
solution is requii'ed, take IT grammes of pure silver nitrate and 
dissolve in water to one litre. Of this solution 
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1 c.c. = .01080 gramme Ag. 

*• = .01700 ** AgNoj. 

" = .00355 ** a. 

" = .00585 ** NaCl. 

DECI-NORMAL SODIUM CHLOBIDE SOLUTION. 

Dissolve 5.85 grammes of pure sodium chloride, dried by gentle 
ignition, to one litre. 

1 c.c. = .00585 gramme NaCl. 
** = .00a55 '* CI. 
** = .01080 ** Ag. 

BARIUM CHLORIDE SOLUTION. 

Dissolve 122 grammes of barium chloride, dried between paper 
to one litre. 

1 c.c. = .0490 gramme HgSO^. 





= .0480 




SO4. 




= .0400 




SO3. 




= .1220 




BaCl2(2H80). 




= .1040 




BaClg. 




= .0685 




Ba. 



STANDARD URANIUM SOLUTION. 

Take about 40 grammes of uranium acetate, dissolve in water ; 
add about 25 c.c. of glacial acetic acid, and make up to one litre. 
This solution is then titrated against the sodium phosphate and 
diluted until 50 c.c. are equivalent to 50 c.c. of the latter. 

1 c.c. = .002 gramme PgOg. 

STANDARD SODIUM PHOSPHATE SOLUTION, 

Take 10.085 grammes of pure, crystallized, non-effloresced, di- 
sodium hydrogen phosphate, dried between paper, and dissolve to 
one litre. Check this solution by evaporating 50 c.c. to dryness 
and igniting. The residue should weigh .1874 gramme. 

50 c.c. = .1 gramme PgOg. 

SODIUM ACETATE SOLUTION. 

Dissolve 100 grammes of the salt in water, add 100 cc. of pure 
acetic acid (sp. gr. 1.04), and dilute to one litre. Exact quantities 
are not necessary. 



^^Si 




MAGNESIA 



Ditwotvo 110 grammes of dry cryotallized magnesium chloride 
•d 2«0 gramiiictt of ammonium claloride in one litre of distilled 
tor. Filn-r, add TOO ci.e. liquor of ammonia of specific gravity 
and Hhakc. Allow to cool and then add sufficient distilled 
ir tg complete two litreti, mil thoroughly and label, 

SKUTB4L AMMOSirM CITRATE SOLUTION. 

Mix 370 grammes of commercial citric acid with 1500 cubic 
.imutres of water ; nearly neutralize with crushed commercial 
tonatc of ammonia; heal to expel the carbonic acid ; cool ; add 
""TOonia until exactly neutral (testing by satarated alcoholic 
ition of coralline) and bring to a volume of two litres. Test the 
vity, which should bo l.Ofl at 20° C, before using. 

AUMOMILM NITBATE SOLUTION. 

Dissolve 200 grammes of commercial ammonium nitrate in 
-water and bring to a volume of two litres. 

UOLYBDIO SOLUTION. 

Dissolve 150 grammes of ammonium molybdate in one litre nf 
distilled water. Pour the solution slowly and in small portions at 
a time into one litre of nitric acid of specific gravity 1.20. After 
each addition of the ammonium molybdate solution the mixture 
must be shaken and the agitation kept np nntil the fiqnid is en- 
tirely clear. 

Keep the mixture in a warm place for several days, or until a 
portion heated to 40° C. deposits no yellow precipitate of ammonium 
phospbo -molybdate. Decant the solution from any sediment, and 
preserve in glass- stoppered vessels. 

Fifty c.c. of this solution suffice to precipitate 0.100 gramme 

eATUKATED SOLUTIOK OF AMHOXIITM OXALATE. 



Place about eight ounces of pure ammonium oxalate in a litre 
bottle, fill up with pure distilled water, shake occasionally during 
a few hours, finally allow to settle and use the supernatant liquid, 
drawing it off with a pipette as required. 

STANCABD POTASSIUM PEKMANGANATK SOLUTION. 

For the accurate determination of iron in small quantities we 
prefer the permanganate to any other reagent. The iron is re- 



The Phosphates of America. 



171 



-duced to the ferrous state and the permanganate solution is then 
added until all the iron is peroxidizedy a fact which is demon- 
strated directly the color of the iron solution turns purple. The 
quantity of permanganate used in the operation is the measure of 
the iron present, as may be gathered from the equation : 

10FeSO4+8H8SO4+2KMnO4=5Fe8(SO4)8+K8SO4+2MnSO4+8H8O. 

The solution may be conveniently made of quinquenormal 
strength. Dissolve 3.162 grammes of very dry permanganate of 
potassium in one litre of water and keep in a stoppered bottle. 
Every c.c. of the solution should be equal to .0056 Fe or .0080 
Fe^Og. 

To ascertain its exact strength, which is a very important point 
-considering the small amounts of iron we are generally called 
upon to determine, dissolve one gramme of double sulphate of iron 
and ammonium in 20 c.c. of water and 5 c.c. dilute sulphuric acid. 
If 25 c.c. of the permanganate are required to produce a faint 
pink color, permanent for two minutes, the solution is sufficiently 
<iorrect. One hundred c.c. of this solution may be diluted to one 
litre with distilled water and labelled ^ N. permanganate solution, 
€very c.c, of which = .00080 ferric oxide. 



SYMBOLS, MOLECULAR WEIGHTS, AND PERCENTAGE COMPOSITION, OF SUB- 
STANCES USEp IN THE FERTILIZER INDUSTRY. 



Substance. 


Molecular Formula 


Molec- 
ular 
Weight 


Percentage Composition. 


Aluminum oxide 

** hydrate. . . . 
Ammonia 


A1,0, 

Alo(HO)e .... 


103 

157 

17 

157 

53.5 

245 

80 
132 

209 


Al 53.40, 46.60. 
AlgO, 65.61, H,0 34.39. 
N 82.35, H 17.67. 

NHa 32.49, CO, 56.05, 

HjO 11.46. 
NH, 31.77, HCl 68.23. 

MgO 16.30, NH, 6.93, 
PgOg 29.09, H gO 47.68. 

NHg 21.25, NgOs 67.50, 
H,0 11.25. 

NHg 25.68, PgOs 53.93, 
HgO 20.39. 

WHg8.13, Na.O 14.83, 
PgOg 33.97, H,0 43.06. 


Ammonium carbonate. 

" chloride... 

<* magnesiurri 
phosphate 
cryst 

** nitrate 

" phosphate. 

** sod'm phos- 
phate 


(NH4)L02NH8. 
NH4CI 

Mg(NH4)P04H- 
6aa 


Nff^NOj 

(NH4)2HP04.. 

(NH4)NaHP04 
+ 4aq 



The Phosphates of Am 



h Bjrmbolii. Molecular Weights, at 



irFormutai 



eutage ConipoBilt 



BariuDi chloride 

" sulphate 

Calciiun monoxide 

" hydrate 

" carbonate .... 

" chloride 

" chloride cryst. 

" phosphate 
monobasic 

' ' phosphate, di- 

" phosphate, tri- 

hy<frous^'. . .°'!'. 

" sulphate.crysl 

(gypsum) 

Carbonic anhydride, . . . 

Hydrochloric acid 

Iron oxide 

Magnesium chloride... , 
chloride 

crystals 

■' carbonate,. 

" sulphate . . 

" pvrop h o s - 

Nitric acid 

Phosphoric anhydride. . 

Potassium permangan- 

Silicic acid 

Sodium hydrate 

'■ carbonate 

" bicarbonate. . . . 

" phosphate . ... 



Sulphurous anhydride. . 
Sulphuric anhydride . , . 
" acla (mono- 
hydrate) 

Pvro-sulphuric acid 

Tnio-sulphuric " , , . , 



Water. . 



BaCl, +2aq. 

BaSO, 

CaO 

Ca(HO) 

CaOO, 

CaCl 

CaCi,4-6aq. 

CaHi{POj),. 

CaHPO, 

Ca,(PO,), .. 

CaSO, 

CaSO, + 2aq 

CO 

CO 

HCI 

Fe.O, 

MgCl, 

MgCI,+6aq.. 

MgCO' 

MgSO, +7aq. 

Mg,P,0, 

HNO, 

PfO, 

HjPOj , 

KMdO. 

SiO, 

NaHO 

Na.CO, 

NiiHCO, 

Na^HPO, + ] 
aq 

so, , 

80, 

H.SO. 

H.S.O, 

HfS.O, 

H.O.. 



BaCl, 85.34, H,0 14.7li. 
BaO 05.07, 80, 34.33. 
Ca 71.43. O 28.57. 
CaO 75.67, HjO 34.83. 
CuO 58.00. C\Jt 44.00. 
Ca 86.05, CI 08.96, 
CbCI, 50.69, H,0 49.31. 



CaO 54.19, P.O. 45.81. 

Ca0 41.I8, SO, 58.83. 

CaO 33.,'j6. SO, 46.61, 

H,0 30.93. 
C 37.37, O 73.73. 
C 42.8.5. O 57.15. 
CI 97.36, H 2.74. 
Fe 70.00, O 80.00. 
Mg 35.36, CI 74.74. 

MgCIs 46.80, H,0 58.30. 
MgO 46.83, CO' 53.38. 
MtO 16.36, SO, 83.53, 
H,0 51.33. 

MgO36.04, P.O. 68.B6. 
N.O. 8.1.71, H,0 14.39. 
P 43.66. 56.34. 
P,0, 73.45, H.O 27.55. 

K,0 39.75,Mn,0, 70.35. 
Si 46.87. O 53.33. 
Na^O 77.50. H.O 23.50. 
Na,0 58.49, 00,41.51. 
Na„0 86.90, CO' 63.38, 
H,0 10.71. 

Na,0 17.33, P.O. 19.84. 

H,0 63.84. 
8 60.00, O 60.00. 
8 40.00, O 60.00. 

SO, 81.68, H,0 18.37. 
H.SO. .55.06. SO, 44.94. 
SO, 66.14, a 38.07, H.O 

l.'5.7n. 
El!. 11, 083.89. 
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USEFUL TABLES FOR THE FACTORY. 

TABLE FOR THE SYSTEMATIC ANALYSIS OF ALKALIES, ALKALINE EARTHS 

AND ACIDS. 



Substance. 


Formula. 


Molec- 
ular 
Weight. 


Quantity to be 

weighed so that 

1 c.c. of Normal 

Solution = 

1 per cent, of 

Substance. 


Normal 
Factor. 


Sodium oxide 

" hydrate 

*' carbonate 

" bicarbonate 

Potassium oxide 

** hydrate 

*• carbonate. . . 

** bicarbonate. . 

Ammonia 


NaoO 

NaHO 
NajjCOg 
NaHCO, 

KgO 

KHO 
KgCO, 
KHCOa 

NH, 
(NH,),6o, 

CaO 
CaHgOg 

CaCOs 

BaHgOa 

BaH8088H80 

BaCO, 

SrO 

SrCOg 

MgO 

MgCO, 

HNOs 

HCl 

h;so4 

HjCjO^ 

H4CSO8 

HeC^Oe 

CeO.Hs^-HsO 


62 

40 
106 

84 

94 

56 
138 
100 

17 

96 

56 

74 
100 
171 
315 
197 
103.5 
147.5 

40 

84 

63 

36.5 

98 
126 

60 
150 
210 


Grammes. 

3.1 

4.0 

5.3 

8.4 

4.7 

5.6 

6.9 
10.0 

1.7 

4.8 

2.8 

3.7 

5.0 

8.55 
15.75 

9.85 

5.175 

7.375 

2.00 

4.20 

6.3 

3.65 

4.9 

6.3 

6.0 

7.5 

7.0 


.031 

.040 

.053 

.084 

.047 

.056 

.069 

.100 

..017 

.048 

.028 

.037 

.050 

.0855 

.1575 

.0985 

.0575 

.07375 

.020 

.042 

.063 

.0365 

.049 

.063 

.060 

.075 

.070 


Ammonium carbonate. . 
Calcium oxide (lime). . . . 

** hydrate 

** carbonate 

Barium hydrate 

" (cry.).... 

** carbonate 

Strontium oxide 

** carbonate... 

Magnesium oxide 

** carbonate. . 
Nitric acid 


Hydrochloric acid 

Sulohuric acid 


Oxalic acid 


Acetic acid 


Tartaric acid 


Citric acid 





In order to find the amount of pure substance present in the material examined 
multiply the number of c.c. by the *' normal factor." 

TABLE COMPARING THE DEGREES OF BAUME WITH SPECIFIC GRAVITY DEGREES AT 15» 0. 



Degs. of 
Baum6. 


Sp. Gr. 


Degs. of 
Baum6. 


Sp.Gr. 


Degs. of 
Baum6. 


Sp. Gr. 


Degs. of 
Baum6. 


Sp. Gr. 





1.000 


19 


1.147 


37 


1.337 


55 


1.596 


1 


1.007 


20 


1.157 


38 


1.349 


56 


1.615 


2 


1.014 


21 


1.166 


39 


1.361 


57 


1.634 


3 


1.020 


22 


1.176 


40 


1.375 


58 


1.653 


4 


1.028 


23 


1.185 


41 


1.388 


59 


1.671 


5 


1.031 


24 


1.195 


42 


1.401 


60 


1.690 


6 


1.041 


25 


1.205 


43 


1.414 


61 


1.709 


7 


1.049 


26 


1.215 


44 


1.428 


62 


1.729 


.8 


1.057 


27 


1.225 


45 


1.442 


63 


1.750 


9 


1.064 


28 


1.234 


46 


1.456 


64 


1.771 


10 


1.072 


29 


1.245 


47 


1.470 


65 


1.793 


11 


1.080 


30 


1.256 


48 


1.485 


66 


1.815 


12 


1.088 


31 


1.267 


49 


1.500 


67 


1.839 


13 


1.096 


32 


1.278 


50 


1.515 


68 


1.864 


14 


1.104 


33 


1.289 


51 


1.531 


69 


1.885 


15 


1.113 


34 


1.300 


52 


1.546 


70 


1.909 


16 


1.121 


35 


1.312 


53 


1.562 


71 


1.935 


17 


1.130 


36 


1.324 


54 


1.578 


72 


1.960 


18 


1.138 
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D [OH. Of VITRIOL) Of /iWt 



I 



BntKSfiTll 


BT MIIINCI 


THE *cn) OP IX 


BPBCIFIO ORATIir WITH Wi 


■BR. 


100 p«rtB or Water 

at iX-loSB-beinff 


Oiveftti 
Aold or 
Speclflo 
Oravity. 


lOQ mrfor Water 
at, is" u. MP bBlnc 


Or»Tlly. 


100 partBot Water 


Ql.ean 

Specflc 
Oravltf. 


mixed with ion. 
of sulphuric Acid 


imixlNl with |«n» 

of SulpburicAoid 

ori,MBT>. trr. 


mixed witU |>arti 


1 


1.009 


130 


I.4.'i6 


370 


1.723 


3 


1.015 


140 


1.473 


880 


1.727 


5 


1.035 


150 


1.490 


390 


1.730 


10 


i.oeo 


leo 


l.SIO 


400 


1.733 


15 


1.090 


170 


1.530 


410 


1.737 


20 


1.113 


180 


1.543 


420 


1.740 


S5 


1.140 


190 


1.45S 


430 


1.748 


ao 


1.165 


200 


1.58S 


440 


1.746 


35 


1.187 


310 


1.680 


450 


1.750 


40 


1.310 


330 


I.S93 


460 


1.754 


45 


1.320 


330 


1.60(1 


470 


1.767 


50 


1.248 


240 


1.020 


480 


1.7B0 


M 


1.38.'; 


260 


1.680 


480 


1.703 


60 


1.380 


260 


1.640 


500 


1.786 


65 


1.2B7 


370 


1.64S 


610 


1.768 


71) 


l..'J13 


380 


1.654 


530 


1.770 


75 


1.326 


290 


I.Bfl7 


630 


1.773 


80 


1.840 


300 


1.678 


540 


1.774 


85 


1.357 


310 


1.689 


550 


1.776 


90 


1.873 


830 


1.700 


500 


1.777 


95 




SBO 


1.705 


680 


1.778 


100 


1.898 


»40 


1.710 


590 


1.780 


110 


1.430 


350 


1.714 


600 


1.788 


130 


1.488 


Beo 


1.719 







mi 







GHAVm 


iT IJ- c. 






Specinc 


Per cent, of 


Per cent of 


Specific 


Percent ot 


Per cent, of 


Oravlly. 






Gravilj-. 


H,po;. 


P.O. 








11983 




msx 


ioIm 


1 


iua 




33 


sa.asB 


littSa) 




.iOM 


1 ie« 


34 


2*.Ki 








12383 




25.410 


liosas 










S8.138 














liwiB 


8 






38 


27.&88 


i.nsoa 


9 


8'i3< 


1JS72 


30 


28.314 


















Bxe 








liuaxa 










Boliiia 


1.0119 


13 


9 433 


tim* 




31.218 






10 IB* 


lasie 




31.944 






lOBHO 




43 


32.K0 












j».490 


liiooi 


17 


u-ia 


IKET 












13313 


48 


SliWB 






n-94 


















36!4Ua 






15 248 








l.lSM 


S3 


16 9-J 


IdBSl 


52 


37:a'.3 




^ 






53 


38.67a 




Si 
























K8 


IfllTfl 


ivm 


68 


40,7.» 




zr 






57 


4!.4tS 






^3Ut 


liSIT 






lilfllT 






i4jai 








30 


1 n 


iiM 


BO 


43;e80 
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URE'S TABLE SHOWING THE STRENGTH OF SOLUTIONS OF AMMONIA. 



Specific 


Per cent, of 


Specific 


Per cent, of 


Specific 


Per cent, of 


Gravity. 


Ammonia. 


Gravity. 


Ammonia. 


Gravity. 


Ammonia. 


.8914 


27.940 


.9177 


21.200 


.9564 


10.600 


.8937 


27.633 


.9227 


19.875 


.9614 


9.275 


.8967 


27.038 


.9275 


18.550 


.9662 


7.950 


.8983 


26.751 


.9320 


17.225 


.9716 


6.625 


.9000 


26.500 


.9363 


15.900 


.9768 


5.800 


.9045 


25.175 


.9410 


14.575 


.9828 


3.975 


.9090 


23.850 


.9455 


13.250 


.9887 


2.650 


.9133 


22.525 


.9510 


11.925 


.9945 


1.325 



TABLE SHOWING THE STRENGTH OF SOLUTIONS OF BARIUM CHLORIDE BY SPECIFIC 

GRAVITY AT 21.5'' C. 



Specific 


Per cent, of 


Per cent, of 


Specific 


Per cent, of 


Per cent, of 


Gravity. 


BaCla + SAq. 


BaCla. 


Gravity. 


BaCla -^ 2Aq. 


BaCla. 


1.0073 


1 


.853 


1 . 1302 


16 


13.641 


1.0147 


2 


1 . 705 


1.1394 


17 


14.494 


1.0222 


3 


2.558 


1 . 1488 


18 


15.346 


1.0298 


4 


3.410 


1 . 1584 


19 


16.199 


1.0374 


5 


4.263 


1 . 1683 


20 


17.051 


1.0452 


6 


5.115 


1.1783 


21 


17.904 


1.0530 


7 


5.968 


1.1884 


22 


18.756 


1.0610 


8 


6.821 


1 . 1986 


23 


19.609 


1.0692 


9 


7.673 


1.2090 


24 


20.461 


1.0776 


10 


8.526 


1.2197 


25 


21.314 


1.0861 


11 


9.379 


1.2304 


26 


22.166 


1.0947 


12 


10.231 


1.2413 


27 


23.019 


1.1084 


13 


11.084 


1.2523 


28 


28.871 


1.1122 


14 


11.936 


1.2636 


29 


24.724 


1.1211 


15 


12.789 


1.2750 


30 


25.577 



TABLES SHOWING THE SPECIFIC GRAVITY AND PERCENTAGE OF SOME SATURATED 
SOLUTIONS USED IN FERTILIZER ANALYSIS, ETC. 

Tlie Percentage refers to Anhydrous Salt. 



Ammonium chloride. 
** sulphate 

Barium chloride 

Calcium chloride 

Magnesium sulphate 



Tem- 
perature. 
Celsius, 



15 
19 
15 
15 
15 



Percentage 
of Salt. 



26.80 
60.00 
25.97 
40.66 
25.25 



Specific 
Gravity. 



1.0776 
1.2890 
1.2827 
1.4110 
1.2880 



1 
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TABLE mowaa tbb btrenqth of solutions of nitreu aud Br bpecific gravity 


^ 






100 pt 

~f 
i 

SI 

i 

Bt 

eo 

TD 
7B 




Ontv- 

[ly. 


100 pt 


s 


Grav- 
ity. 


lold 


pan* 




100 ptH 


Dry 
Acid 

InlOO 
partfl 




1 


4W0 

4790 

47:10 
4700 

4670 
4fi30 

44S4 

4309 

tnea 

4KB 


B.«03 
7^300 

a.fiis 

slaw 
ra.iisr 

;o;i3» 
se.sto 

us. 642 
Sr.745 

aa.ws 

II 
Bofl7a 


-41BB 

!4oas 
;»i;b 

-BUG 

1 
is 

11 

]:3iBa 
i!»e« 


78 
70 

m 

w 

M 
65 

fl3 

Rl 


If 

H.IM 

s 

11 


l,li«7 

m 

I.2»« 

IS 

ii 

1;S 
III 


ss 

4B 

4fl 
4B 

4^ 
8B 

i 
1 


X 

an 

i 

a: 

a 

si 
za 
a 


1 

bb; 
301 




140S 

1227 
IISU 

OBHB 

mas 
nttM 

MM 
0287 

caia 

Ul.W 
0033 


1 

21 


la.Bs; 
ibIksi 

I7.63t 

iB.Tsr 

sll 

ia..^4B 
12.762 

l:g 

I .388 
.£84 

:!5 

.17! 

:7s 

1:1 




™ ..ow„. „. „„>-™ ., h™„„..c ... ., „™o „„„, 








Per 
oetit. 

aci. 


Per 
cent. 


o5 

Uy.' 


Per 

HCl. 


Per 


Ity."" 


Per 

ceut. 

HCl 


Per 

C6Dt. 

Bp.Er. 




For 

".;'■ 

HCl 


For 

fl^id 

p-er. 






19M 
IHSS 

1 

issit 

s 

ITOS 

II 

IBO 
!53fl 


40.777 
40.309 
3».961 
iW.Sfr 

37.1123 
iT.51 

11 

is. 47 
13.43 

ii 


Ul 
B3 

BO 
BB 
SH 
BT 
BS 
B6 

1 


l!l3H9 

i-ii 
iijl 

lillSS 

:| 

jrao 


a 
a 

a 

1 
1 

1 


581! 

ISB 

i 

MB 
B« 

46a 

z 

342 

i 

ws 

7B8 


i 
! 

63 

5B 

1 

US 
61 


IS 

l.llKfl9 
1.1W3B 

i:076B 

i"o«77 

iW 
I'.sn 


1 

is.Boa 
ir..494 

15.087 

1 

11 


1 

1 
1 

i 

33 

1 

28 




0IS7 
D377 

am 

D200 
3140 

oiao 
n040 


] 

\ 


its 

i 

524 

118 

la 

4fll 


S3 

1 

18 

12 
10 
8 

1 


1 


1 m 


i 



^^^^IP The Phosphates of Amrka. 177 H 


'^^F^IfmED^iN™ p ™^^^ ^^'T 


"FEHTlLlZEa FACIORV LABOHAIORIES. 


1 sand-batb. 


Several packages of Schleicher and 


1 set Une sieves. 


SchueJl's washed and out fllters. 


1 iron mortar with peatle. 


7, 9 and 11 centimetres diameter. 


PorcKlain evaporating-dishes. 


1 large Fletcher's blowpipe. 


Hydrometer for light liquids. 


1 dozen rubber tips for glass rods. 


Hydrometer for heavy liquids. 


1 steel forceps, 4^ inches. 


Mohr's burette with piach-cock, 50 


1 air-bath, copper, 8x8 inches. 


C.C. ia ,V. 


10 grammes platinum foil. 


Mohr's burette with piach-cock, 100 


1 yard platinum wire. 


c.c. in \. 


1 gross each wide-mouthed bottles. 


Iron support for two burettes. 


withcorks, 1,3, 4 ounces. 


10-inch lipped cylinders. 


Porcelain mortars, 5 inches, with 


Graduated cylinders, 100 c.c. 


peslle. 


Iron wire triangles. 


1 pair paper-sciasore. 


Pieces brass wire gauze, fi x 6, 


1 dozen royal Berlin crucibles, Nos. 


Iron tripods. 


00 and 0, and covers. 


Test-tubes, 5 and 6 inches. 


1 30-c.c. platinum crucible. 


Test-tube stands. 


1 100-c.e. platinum dish. 




Wash-bottles (pints). 


Triangular flies. 


1 chemical balance (for rough 


Round flies. 


weighing), capacity 5 ounces. 


Funnel supports, wood, for four 


1 set weights, 100 grammes down. 


funnels. 


3 paper scale thermometers, 100° 


Retort stands, iron, 3 rings. 


and 200° C. 


Quire fllter-paper. 


Haif-dozen each tunnels, 3, 'Z\, 3, 4, 


34 4-ounce German tincture bottles. 


5, C inches. 


13 16 -ounce German tincture 


3 dozen beakers with lip, assorted 


bottles. 


sizes. 


German glass tubing. 


1 dozen 2-inch watch-glasses. 


Dozen glass stirrers. 


1 8-inch water-bath, copper, with 


Horn spoons with spatulas. 


rings. 


Rubber tubing for connections. 


1 glass alcohol lamp. 4 ounces. 


Flasks, 3, 4, 6, 8, 12, 16 ounces. 


1 Berzelius alcohol-lamp with stand 


1 carbonic-acid apparatus,Schr6tter, 


and rings. 


I.iebig's condenser, 30 inches. 


1 flne balance, 100 grammea 


Condenser support. 


capacity. 


Oay-Lussac's burette, 50 c.c. in ji^. 


1 set of flue weights, 100 grammes 


Burette floats to fit Mohr's burettes. 


down. 


4 pipettes, volumetric, flxed, 10, 35, 


4 each volumetric flasks, marked 


50, 100 o,c. 


100, 330, 500 C.C. 




6 litre flasks , glass-stoppered, 1000 


5 10 50 100 c.c. 






3 mixing cylinders, glasB-stoppered, 


dlTided in ^ X tV T 


1000 C.C. 


1 Taylor's hand ore-crusher. 


i nest Berzelius' beakers, 1 to 4. 


Half-dozen boxes gummed labels, 


13 sheets each blue, red and yel- 


assorted sizes. 


low test-paper. 


^_ 


^^^^B 
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OHXMICALS. 



Acetic ucid. 

Acetic acid, glaciaL 

Alcohol (absolute). 

Alcohol (common). 

Ammonic carbonate. 

Ammonic chloride. 

Ammonic hydrate. 

Ammonic molybdate. 

Ammonic nitrate. 

Ammonic oxalate. 

Ammonic sulphocyanide. 

Ammonic sulphhydrate. 

Argentic nitrate. 

Baric carbonate. 

Baric chloride. 

Bromine water. 

Calcic chloride. 

Chlorine water. 

Citric add. 

5 grammes coralline ) i^. 

5 '* methyl-orange >• dica- 

6 " phenolphthalein ) *<>«• 
Distilled water. 

Ferric chloride. 
Ferrous sulphate (crystals). 
Fine white pure sand. 
Hydrochloric acid (concent.). 
Hydro-disodic phosphate. 



Indigo solution. 

Iron wire and plate. 

Magnesic chloride crystal. 

Magnesio sulphate. 

Nitric acid (concent.). 

Nitro - hydrochloric acid (aqua 

regia). 
Oxalic acid (crystals). 
Platinic chloride. 
Potassic carbonate (dry) 
Potassic chlorate. 
Potassic dichromate. 
Potassic ferricyanide. 
Potassic ferrocyanide. 
Potassic hydrate, 
potassic permanganate (crystals). 
Potassic and sodic carbonates 

(mixed). 
Potassic sulphocyanide. 
Sodic acetate. 
Sodic carbonate. 
Sodic chloride. 
Sodic nitrate (crystals). 
Sulphuric acid (concent.). 
Sulphuretted hydrogen. 
Uraaic acetate. 
Zinc, granular. 



The End. 
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as correct the author has added a number of new ones not previously pub- 
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FKor. Saftokd, of the VtmkrUH Unlvmftf, writes: **]ir. SteteCddC ham 
gheaiiiamoetiiseftUworkaiidoMWiltfipwitli&tim^ ^vx 

Pior.C<mtTOCK,oftiieni^fenrftirof]]Biiols»^ ^'Thcrelsacririof need 
of aofi woffki like it iipoo «c^fDate MdijeclSk'* 

"Itisfneverynepectamoddof wiMt indi a* book riMSbld bt tediemiodier 
UhMtimtkm of German oioi OH gl m e M , ^'-^J^mrmtU 0/ Amttfytkml Ckemiary, 

Prof. EcfLtSTON, of tiM Coiombie Gblk^ Sdiool oC Mfawi, writes: ^IW 
book is a Teiy rahiabie eontribntloii to oar knowlecteof teaching, and I i^alltakfr 
fieat pleasore in reooaunen<fing it to stndents, metauttgists and otheiSk** 

" It is particularly valuable for its descriptions of the chemistry of the prtKess^ 
in which the older works are woefully deficient. It gives all the facts, apparently 
which one engaged in milling ore by the process should know." — Mining Industry, 

Prof. Hofman, of the Dakota School of Mines, writes ; ** I have no hesita- 
tion in saying that the * Lixiviation of Silver Ores * is the best existing work upon, 
the subject, and will, undoubtedly become the text-book for specialists in this in- 
interesting field." 

Prof. Sharpless, of the Houghton Mining School, writes : ** One who has 
occasion to read up the recent advances of lixiviation processes will appreciate the 
work which has been done by the author in compiling and in original research, and 
the profession should extend its thanks to Mr. Stetefeldt for his successful effort 
' to fill up a gap in metallurgical literature.' " 

Prof. Bruno Kerl, in a review of this book which he prepared for the Berg^ und 
Huettenmaennische Zeitungy of Berlin, says : ** All the defects of the old process 
have been overcome by the Russell process as described by Mr. Stetefeldt in his 
book, which fills a real gap in metallurgical literature. ... Its translation 
into German would be a very desirable addition to our literature." 

John Heard, Jr., Mining Engineer, writes: 

**This treatise is the viost valuable— indeed the only valuable — one on lixivia* 
tion. The amount of careful, intelligent, original and compiled research is enor- 
mous ; the tables and drawings must be invaluable and, indeed, indispensable to any 
manager of a lixiviation plant, and the figures there recorded are more convincing 
arguments as to the value and range of lixiviation as a method of extracting silver 
from certain ores than the author's dogmatic deductions. 
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This work is the most notable contribution to the literature of iron and 
steel meiallurgy ever published. The series of papers on the subject which 
have appeared as supplements to ihe " Engineering and Mining Journal " 
during the past two years have attracted world-wide attention and have re- 
ceived the heartiest commendation from all quaners. The volume r 
published presents this material in much more convenient shape, with con- 
siderable additional matter, giving the rcsuits of the most recent research, 
experiment and practice, Mr. Howe also presents a complete review of all 
important conclusions reached by earlier investigators, and his masterly dis- 
cussion of them renders the work classic. Every statement and citation has 
been carefully weighed and verified and the references to the literature of 
the subject are given minutely, the book thus furnishing in itself a key to the 
whole range of steel metallurgy. It also furnishes the results of much r 
and original investigation, specially undertaken for the present work. 

Every metallurgist, every manufacturer of steel in any form, and all who 
are interested in the iron or steel industries, and all engineers who u. 
sieei should have this standard work and cannot afford to be without it. 
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